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PEEFACE 


The writings of Sir Charles Lyell occupy so undisputed a 
position among the classics of science that neither expla- 
nation nor apology is needed for the issue of the present 
work Its aim is to present - in a form suitable alike for 
students and general readers— an embodiment of those 
principles of geological teaching which will always be 
identified with the iiame of Lyell 

The ‘ Principles of Geology,’ which appeared between 
the years 1880 and 1883, discussed the changes going on 
in the inorganic and organic world, as affording illustrations 
of the events which have taken place in past geological 
times , the ‘ Elements of Geology,’ published in 1838, aimed, 
on the other hand, at explaining the whole sequence of geo- 
logical phenomena m the light of obserxations made upon 
the existing course of nature This latter book, of which 
the title was in 1851 changed to ‘ A Manual of Elementary 
Geology,’ and which was m 1871 recast into a form more 
suitable for teaching purposes, under the name of ‘ The 
Student’s Elements of Geology,' has formed the basis 
of the present volume, where, however, it seemed to be 
desirable, passages have been included from the other 
writings of the author. 

When Sir Leonard Lyell offered to place in my'hands 
for revision these wntmgs of his imole, I could not but •feel 
gratified as well as honoured by the trust , for among my 
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PART I 

INTRODUCTORY 

CHAPTER I 

GEOIOOY DFFINFD— HISTORY OF THF DEVELOPMEVT OF 
•OFOLOOICAL SOIENCF 

Geology compared to History— Its relation to other Physical and Natural 
Bciences— Not to be confounded with Cosmogony— Opinions of 
Classical and Medissval writers— Causes which have retarded the Pro 
gross of Geology 

Geology is the science which investigates the successive 
changes that have taken place in the inorganic and organic 
kingdoms of nature, it inquires into the causes of these 
changes, and the influence which they have exerted m modify 
mg the surface and external structure of our planet 

By these researches into the state of the earth and its 
mhabitants at former periods we acquire a more perfect know 
ledge of its present condition, and more comprehensive v lew s 
concerning the laws now governing its anunate and inanimate 
productions When we study historj , we obtain a more pro 
found insight into human nature, by instituting a comparison 
between the present and former states of society We trace 
the long senes of events which have gradually led to the actual 
posture of affairs, and, by connecting effects with their causes, 
we are enabled to classify and retain m the memory a multitude 
of complicated relations— the various peculiarities of national 
character, the different degrees of moral and intellectual reflne- 
ment, and numerous other circumstances— which, without 
histoncal associations, would be uninteresting or imperfectly 
understood. As the present condition of nations is the result of 
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many antecedent changes— some extremely remote and others 
recent, some gradual, others sudden and violent— so the state of 
the iqatural world is the result of a long succession of events, 
and, if we would enlarge our experience of the present economy 
of nature, we must m\e3tigate the effects of her operations m 
former epochs 

We often discov er with surprise, on looking back into the 
chronicles of nations, how the fortune of some battle has m 
fluenced the fate of millions of our contemporanes, when it has 
long been forgotten by the mass of the population With this 
remote e\ent we may find inseparably connected the geo 
graphical boimdaries of a great State, the language now spoken 
by the inhabitants, their peculiar manners, laws, and religious 
opinions But far more astomslung and unexpected are the 
connections brought to light when we carry back our researches 
into the history of nature The form of a coast, the configura 
tion of the interior of a country, the existence and extent of 
lakes, valleys, and mountains, can often be traced to the former 
prevalence of earthquakes and volcanoes in regions which have 
long been undisturbed To these remote convulsions the pre 
sent fertility of some districts, the sterile character of others, 
the elevation of land above the sea, the climate, and various 
peculiarities may be distinctly referred On the other hand, 
many distinguishing features of the surface may often be 
ascribed to the operation at a remote era of slow and tranquil 
causes— to the gradual deposition of sediment in a lake or m 
the ocean, or to the prolific growth m the same of shells or 
corals To select another example, we find m certain localities 
subterranean deposits of coal consisting of the remains of plants 
which hav e grown upon the spot, or hav e been drifted into seas 
and lakes These seas and lakes have since been filled up, the 
rivers and currents which floated the vegetable matter can no 
longer be traced, the lands whereon the forests grew have dis- 
appeared or changed their form, and the species of plants that 
supplied the materials have for ages passed away from the 
surface of our planet Yet the commercial prosperity and 
numerical stren^h of a nation may now be mainly dependent 
on the local distribution of fuel determined by that ancient 
state of things 

Geology is intimately related to almost all the physical 
sciences, as is history to the moral An historian should, if 
possible, be at once profoundly acquainted with ethics, politics, 
jurisprudence, the military art, theology , m a word, with all 
branches of knowledge, whereby any insight mto human affairs, 
or mto the moral and mtellectual nature of man, can be ob 
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tamed It would be no less desirable that a geologist should 
be well versed m physics, chemistry, mineralogy, zoology, com 
parative anatomy, botany , m short, m every science relating to 
inorganic and organic nature With these accomplishments 
the historian and geologist would rarely fail to draw correct and 
philosophical conclusions from the study of the various monu 
nients of former occurrences They would know to what com 
bination of causes analogous effects were referable, and they 
would often be enabled to supply, by inference, information 
concerning many events unrecorded m the defective archives 
of former ages 

But the brief duration of human hfe and our limited powers 
are so far from permitting us to aspire to such extensive ae 
quirements that excellence, even in one department, is within 
the reach of few , and those individuals most effectually 
promote the general progress who, after obtaining a general 
knowledge of the whole field of inquiry, concentrate their 
efforts upon some limited portion of it As it is necessary that 
the historian and the cultivators of moral or political science 
should reciprocally aid each other, so the geologist and those 
who study physics ’or the biological sciences stand in equal 
need of mutual assistance A comparative anatomist may 
derive some accession of knowledge from the bare inspection 
of the remains of an extinct quadruped, but the relic throws 
much greater light upon his own science when he is informed 
to what relative era it belonged, what plants and animals were 
its contemporaries, m what degree of latitude it once existed, 
and other historical details A fossil shell may interest a 
conchologist, though he be ignorant of the locality whence it 
came , but it ’will be of more value when he leains with what 
other species it was associated, whether they were marine or 
freshwater, whethei the strata containing them were at a certain 
elevation above the sea, and what relative position they held in 
regard to other groups of strata, with many other particulars 
determinable by an experienced geologist alone On the other 
hand, the skill of the comparative anatomist and conchologist 
IS often indispensable to those engaged m geological research, 
although it may rarely happen that the geologist will himself 
combine these different qualifications m his own person 

The analogy between the objects of research of the geologist 
and the historian extends no farther, however, than to one class 
of historical monuments— those which may be said to be un 
designedly commemorative of former events The buried com 
fixes the date of the reign of some Roman emperor, the 
ancient encampment indicates the district once occupied by an 
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invading army, and the former method of constructing military 
defences , the Egyptian mummies throw light on the art of 
embahmng, the ntes of sepulture, or the average stature of the 
human race in ancient Egypt The canoes and the hatchets, 
called celts, found in peat bogs and estuary deposits, afford an 
insight into the rude arts and manners of a prehistoric race, to 
whom the use of metals was unknown, while flint implements 
of a much nider type point to a still earlier period, when man 
coexisted in Europe with many quadrupeds long smce extinct 
This class of memorials yields to no others m authenticity, but 
it constitutes a small part only of the resources on which the 
historian relies, whereas in geology it forms the only kind of 
ei idence which is at our command For this reason we must 
not expect to obtain a full and connected account of any series 
of events be\ond the reach of history But the testimony of 
geological monuments, if frequently imperfect, possesses at least 
the ad\antage of being fiee from either unconscious bias or 
intentional misrepresentation We may make mistakes in our 
observations and the inferences which wo draw from them, 
m the same way as we often misunderstand the nature and 
import of phenomena noticed in the daily course of nature , 
but our liability to go astray m geological inquiries is confined 
to errors of observation and to faults of interpretation , if obsei 
vations and reasonings be alike correct, our conclusions are 
certam 

It was long before the distinct nature and legitimate objects 
of geology were fully recogmsed, apd geology was at first con 
founded \\ith many other branches of inquiry, ]ust as the 
limits of history, poetry, and mythology were ill defined in the 
infancy of civilisation Even in Werner’s time, or at the close 
of the eighteenth centur}. Geology ‘ appears to have been 
regarded as little other than a subordinate department of 
Mineralogy, and Desmarest included it under the head of 
Physical Geography But the most common and serious source 
of confusion arose from the notion that it was the business of 
geology to discov er the mode in which the earth originated, or, 
as some imagined, to study the effects of those cosmological 
causes through the action of which our planet passed from a 
nascent and chaotic state into a more perfect and habitable 

* The word ‘geology’ did not division of the acience which deals 
come into general use till the com with the general relations of rock 

menoement of the present century masses, without respct to their 

il^fore that time the term 'geo sequence m time, tne old term 

gnosy ’ was employed for the branch geognosy may still be conveniently 

of knowledge whmb we now desig employed 
nate as geology For the sub 
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condition The first who endeavoured to draw a clear line of 
demarcation between Cosmogony and Geology was Dr James 
Hutton,^ who declared that geology was m no way concirned 
‘ with questions as to the origin of things ’ But his doctrme 
on this head was vehemently opposed at first, and, though it 
has been contmually gaming ground, it cannot even yet be 
said to be universally accepted 

Blftory of the development of geological aolenoe.— In 

1830 Lyell gave a sketch of the early history of geological thought 
and speculation, to show how mischievous had been the effects of 
confounding the objects of geology with those of cosmogony He 
showed that the Indian, Egyptian, Grecian, and Roman philosophers 
—with some conspicuous exceptions— had altogether neglected the 
study of the monuments left to us of former changes in the earth’s 
crust, to indulge in the more attractive but fruitless discussions con 
cermng the origin of the woild and the great catastrophes to which 
it was supposed to have been subjected Certain Arabian writers of 
the tenth century, and afterwards the philosophers of Italy in the 
sixteenth, seventeenth, and eighteenth centuries —Leonardo da Vinci, 
Fracastoro, Steno, Scilla, Lazzaro Moro, Donati, &c -with Hooke, 
Boyle, and Michell in England, Palissy and Buffon in France, and 
Raspi, Fuchsel, and others in Germany, laid the true foundation of 
a geological science, based on the observation of the existing order 
of natuie The growth of just geological ideas was hindered, 
however, by many prejudices Fossils were long maintained to be, 
not the remains of organised beings, but strange ‘ freaks of nature,’ 
the productions of a fancied ‘ plastic force ’ When their organic 
nature was at last accepted, many gravely argued that fossils must 
be regarded, not as the remains of beings that had existed in the 
past, but as the prototypes of creatuies that were to receive the en 
dowment of life in the future ! Even when all doubts had been 
removed concerning the true nature of fossils, it was only after con 
siderable progress had been made in the study of the forms and 
structure of living beings that naturalists were able to realise the 
fact that many fossils represent forms of life which no longer exist 
upon the earth 

Still more detrimental to the progiess of geology were the fixed 
prepossessions in the minds of nearly all men that the earth’s exis 
tence had been limited to a few thousand years, and similar 
prejudices with regard to great catastrophes that were supposed to 
have happened in comparatively recent times 

Though these prepossessions are now to some extent removed, 
yet others still exist, from which it is not easy to free ourselves 
Most of the relics of animal and vegetable life, preserved to us in 
a fossil state, have lived in the waters of the ocean, while our obser 
vations of existing nature are nearly all confined to the land 
surfaces on which we dwell Many of the most important changes, 
occurring in the earth’s crust, take place deep beneath the surface, 

* 'B,\AU>xi\Theory of the Earth Suitonian Theory of the Earth 
appeared m 1788, and m a more was published m 1802, and Lyell’s 
ocnnplete form in 1798 Dr John Pnnotplet of Geology m 1880-88 
Playfair's Illuatratione of the 
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and concerning the nature and action of the operations going on 
there our experience on the earth’s surface leads us to form only 
very ^inadequate conceptions Last, and most important of all, 
perhaps, among the prejudices which have retarded the study of 
geological problems, we must regard those which are due to the 
effects produced on our minds the magnificence of the phenomena 
themselves It is very difficult at first sight to believe that the 
making of lofty mountains and deep valleys, the piling together 
of many thousands of feet of materials, and the passing away of 
whole generations of living creatures, have not been brought about by 
great and convulsive throes of natuie rather than by simple causes 
operating through vast periods of time 

The student of geologj, howevei, must be prepared, upon due 
cause being shown, to lay aside these prepossessions, and to guaid 
his mind during all his inquiries against the influence of these pre 
judices Two dangers, and two dangers alone, beset him -the 
chance of erroneous observation, and the risk of incorrect inference 
from observation He who is not prepared to give up prepossession 
and prejudice, when just reasoning from careful observations demand 
the sacrifice, is unworthy to enter upon the study of science 

Since Lyell (viote the lines of this opening chapter, the advance 
of our physical and astiononiical knowledge has enabled cosmogony 
to pass from the region of wild speculation, and to enter the circle 
of exact science It has been maintained oy some that the time 
has arrived when a judicious cosmology which is the outcome of 
the application of coiiect physical principles to the explanation of 
cosmic phenomena, may be safely employed as the foundation of 
geology But all experience shows that the dangers pointed out by 
Lyell us inherent to such a method still exist , and that just as it 
16 wise of the histoiian to pursue his investigations into the events 
of the past, without any reference to the fascinating question of 
the origin of the human race, so the geologist is justified, when 
tracing back the story of the eaith and its inhabitants, to avoid 
allowing any theoretical \iewb conceining the beginnings of matter 
or life to influence his conclusions Especially is it desirable tor 
the student and beginner that this distinction between the objects 
of geology and cosmology should be kept m view 

There is one other point of resemblance between history and 
geology which it may be instructive to consider The histoiian, when 
engaged in writing the annals of the more modern periods, is apt to 
be embarrassed by the abundance of the materials at his disposal 
But as he passes backwards to the study of earlier times, this wealth 
of contemporary records manuscripts, monuments, and inscnp 
tions— gradually diminishes, till at last only a few inscribed stones, 
papyri, parchments, and coins are all he can rely upon in at 
tempting to reconstruct the story of the earlier races of mankind 
In the same way the geologist finds the most recent periods of the 
earth’s history richly illustrated in deposits formed on the land as 
well as in the sea~materials accumulated by rivers, lakes, and 
glaciers— retaining all their characteristic features and structures, 
and replete with the relics of almost every class of animals and 
plants But as he pursues his investigations farther back into the 
past, the evidence on which he has to rely becomes smaller and 
more fragmentary Instead of the varied materials of later periods, 
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he finds only deposits that have been formed m the ocean, con 
taming scarcely any remains of organisms besides those of marine 
animals, and these often very imperfectly preserved Of still earlier 
periods the only records preserved consist of masses of rock, which 
have evidently undergone such an amount of chemical change that 
all traces of life, if they existed, must inevitably have been destroyed 
The historical and the geological records alike commence in dimness 
and obscurity, and, interesting as the study of these beginnings of 
the two records must always be, it would be manifestly unwise to 
allow the imperfect ideas we are able to form of the events of these 
early times to unduly influence us in our conclusions concerning the 
later periods, of which we have such abundant and unmistakable 
evidence 


For further details concerning 
the History of Geology the reader 
18 referred to the ‘Principles of 
Geology,’ Chipters II to V , to 
Fitton’s ‘ Notes on the Progress of 
Geology m England ’ in ‘ Phil 
Mag ,’ 1832-83, and to the biogia 
phies of William Smith, Lyell, 


Darwin, Murchison, Sedgwick, 
Buckland, Owen, Edward Forbes, 
and Ramsay Obituary notices with 
accounts of the work of other geolo 
logists will be found in the volumes 
of the ‘Quarterly Journal’ of the 
Geological Society m the Anniver 
saiy Addresses of the Presidents 


CHAPTER II 

THE CRUST OF THF GLOBE 

What geologists mean by the earth’s crust— Physical characters of the 
crust of the globe— Chemical composition of the solid crust and of its 
liquid and gaseous envelopes— Distribution of temperature in the 
€ irtli’s crust — Distribution of pressure m the earth’s crust 

Ot what materials is the earth composed, and in what manner 
are these materials arranged ? These are the first mqmries with 
which geology is occupied We might have imagined at first 
sight that investigations of this kind would relate exclusively 
to the mineral kingdom, and to the various soils, rocks, and 
minerals, which occur upon the surface ot the earth, or at various 
depths beneath it But, in pursuing such researches, we soon 
find ourselves led on to consider the successive changes which 
have taken place in the former state of the earth’s surface and 
interior, and the causes which have given rise to these changes , 
and, what is still more singular and unexpected, we eventually 
become engaged in researches mto the history of the organic 
world, or of the various tribes of animals and plants which 
have, at different periods of the past, inhabited the globe 

All are aware that the solid parts of the earth consist of dis- 
tmot substances, such as clay, chalk, sand, limestone, coal, slate. 
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granite, and the like , but it is commonly imagmed that all 
these have remained from the first in the state m which we 
noW( see them— that they were created in their present fonn 
and m their present position The geologist soon comes to a 
different conclusion, discovering proofs that the external parts 
of the earth were not all produced, m the beginnmg of thmgs, 
in the state in which we now behold them, nor in an mstant of 
time On the contrary, he can show that they have acquired 
them actual configuration and condition gradually— under a 
great \ariety of circumstances, and at successive periods, durmg 
each of which distinct races of living beings have flourished on 
the land and in the waters, the remains of these creatures still 
lymg buried in the crust of the earth 

By the ‘ earth’s crust ’ is meant that small portion of the 
exterior of our planet which is accessible to human observation 
It comprises not merely all the parts of the earth which are 
laid open in precipices, or m cliffs overhanging a rn er or the 
sea, or which the miner may reveal m artificial excavations , 
but the whole of that outer covering of the planet on which we 
are enabled to reason by observations made at or near the sur 
face These reasonings may extend to a depth of perhaps 
ten or fifteen miles , and this is a very small fi actional part of 
the distance from the surface to the centre of the globe But al 
though the dimensions of such a crust are, in truth, insignificant 
in comparison with those of the entire globe, yet they are vast 
and of magnificent extent in relation to man and to the organic 
beings which people our globe Referring to this standard of 
magnitude, the geologist may admire the ample limits of his 
domain, and admit at the same time that not only the exterior 
of the planet, but the entire earth, is but an atom in the midst 
of the countless worlds surveyed by the astronomer 

The materials of this crust are not thrown together con 
fusedly , but distinct mineral aggregates, called rocks, are found 
to occupy definite spaces, and to exhibit a certam order of 
arrangement The term roch is applied indifferently by geolo 
gists to all these substances, whether they be soft or stony, for 
clay, sand, and peat are included under this denomination Our 
old writers endeavoured to avoid offermg such violence to our 
language, by speaking of the component materials of the earth 
as consisting of rocks and sovU But there is often so msensible 
a passage from a soft and incoherent state to that of stone, that 
geologists of all countries have found it indispensable to hav^ 
one technical term to include both, and in this sense we find 
foehe applied m French, rocca in Itahan, and/cZsarf in German 
Thd beginner, however, must constantly bear m mmd that the 
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term ‘ rock ’ by no means mvariably implies that a mineral mass 
IS in an mdurated or stony condition ‘ 

Concerning the ‘ crust of the globe,’ or that outer portion flf the 
earth which is accessible to the geologist in his studies, it is desirable 
that we should bear m mind its general form, its density, chemical 
composition, and the distribution within it of temperature and 
pressure * 

Phyaloal characters of the earth’s crust —The crust of the 
globe may be regarded as being made up of three portions, solid, 
liquid, and gaseous The solid crust forms a complete envelope to 
the unknown interior, which may be solid, liquid, or even gaseous 
in parts This part of the crust of the globe, which is built up of 
the solid materials we call rocks, is sometimes spoken of as the 
’ hthosphere ’ The liquid matenals of the earth’s crust consist of 
water, with various salts held m solution in it, these masses of 
^ater occupy most of the depressions in the sohd crust, but do not 
form a continuous envelope They are sometimes spoken of as the 
‘ hydrosphere ’ The gaseous materials of the earth’s crust consist 
of air, with some gases diffused through it, forming the ‘atmosphere,’ 
a continuous layer which envelops the solid and liquid portions of 
the crust, and has a depth of over 200 miles 

It must be borne in mind, however, that the limits between the 
solid, liquid, and gaseous portions of the earth’s crust are by no 
means absolute and unchangeable The waters not only flow over 
the surface of the solid crust, but penetrate it to great depths, and 
are returned to the surface in springs or sometimes, in volcanic 
districts, as vapour , portions of the water are also dissolved in the 
atmosphere, or are held m suspension by it as clouds In the same 
way, the gases of the atmosphere are found dissolved in the waters 
of oceans, lakes, and rivers, and imprisoned in the rocks of the 
earth’s solid crust Lastly, the materials of the solid crust itself 
are found dissolved or suspended in a finely divided state m the 
waters, and even held up in suspension by the atmosphere 

In judging of the relations of the sea and land, the only standard 
we can employ is the level of the ocean The highest mountains of 
the globe rise 29,000 feet above that level, and the deepest known 
oceanic depressions lie about the same distance below it But the 
average height of the land is estimated as being only 2,200 feet, 
while the average depth of the ocean is no less than 12,600 feet 
As, according to the most recent estimates, the land occupies only 28 


^ If all the materials of the 
earth’s crust are designated as 
‘ rocks,’ it seems impossible to avoid 
callmg by that name liquids, like 
mineral oils and the waters of 
ronngs, nvers, and the ocean 
Even gases, like those emitted from 
Yolcaaoes and locked up m the 
cavities of many sohd rocks, most 
also be included under the same 
term It is usual, however, to 
avoid departing so far from the 
popular use of the word, and to 
confine the term rook to the eohd 


matenals of the earth’s crust, 
though this restnction is sometimes 
attended with considerable moon 
venience 

* The study of the globe m its 
present condition, which is known 
as ‘Erdkunde’ by the Germans, is 
now generally designated m this 
oountey as ‘physiography* The 
study of physiography, or ‘ physical 
gec^phy,’ as some people prefer 
to call it, ^ould, of course, precede 
that of geology, while the study of 
cosmogony should follow it 
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per cent of the whole surface of the globe, the volume of the ocean 
masses is about fifteen times as great as that of the land masses 
rising above the ocean level This is a very important consideration 
which the geologist must take into account when he is studying the 
phenomena which result from changes in the relative positions of 
land and water on the globe 

While the earth, taken as a whole, has been shown to have a 
density or specific gravity of 5 5, the density of the solid crust is 
certainly much less than this Most rocks have densities ranging 
from 2 6 to a little over 3 In a few rocks, like coal, peat, &c , the 
specific gravity is lower, and in some rocks, rich in compounds of 
the heavy metals, it is higher Taking into account the relative 
abundance of rocks of different density, we may estimate the average 
density of all the rocks of the earth’s solid crust at 2 76 This is 
exactly one half of the density of the whole globe The density of 
the hydrosphere is less than two fifths of that of the solid crust, and 
of the atmosphere at the earth’s surface is part of it, while at 
great elevations above the surface it is much less than this 

Chemical oompoaltlon of the earth’* cruet —The atmo 
sphere is composed of the two gases, oxygen and nitrogen, mixed, 
but not combined with one another, the oxygen exists in some 
cases in its allotropic form ot ozone, while the nitrogen is mixed to 
the extent of of its weight with the still more inert gas, argon , 
small but variable amounts of water vapour, carbon dioxide, and 
other gases are diffused through the atmosphere, while a few 
solid and liquid substances are held in suspension in it The 
hydrosphere consists of water (a compound of hydrogen and oxygen) 
in which various soluble salts, gases, and suspended solids are 
present The solid crust is much more complex in its composition, 
but IS principally made up of various oxides, among which that of 
silicon plays the most prominent part, while the oxides of aluminium, 
calcium, magnesium, iron, potassium, sodium, and hydrogen, make 
up together by far the largest part of the remainder Fiom the 
general composition of rocks it has long been manifest that one half 
of the earth’s solid crust consists of oxygen, one quaiter of silicon, 
one fourteenth of aluminium, while calcium, magnesium, and iron 
together make up one tenth, sodium, potassium, and hydiogen together 
one twentieth part of the whole 

Mr F W Claike, the chemist to the Geological Survey of the 
United States, has recently published a careful discussion of no less 
than 880 analyses of rocks with a view to determining the average 
composition of the earth’s crust * Assuming a thickness of solid 
crust of ten miles, he has arrived at the results given in the table on 
the opposite page 

The only other elements, besides those mentioned in the table, 
which are at all widely diffused m the earth’s crust are fluorine, 
boron, nickel, zirconium, beryllium, the metals of the cerium group, 
and some of the heavy metals which are found to be present m very 
minute quantities in most rocks 

As all the elements form soluble compounds, they must be 
present in the waters of the ocean, though m very minute propor 
lions Thus gold and silver have both been detected in sea water , 

* ‘The Relative Abundance of Qeol Saruey, No 78 (1891), pp 84- 
the Chemical Elements ,’ US 42 
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and it has even been estimated that the quantity of the former metal 
now distributed through the ocean must be many million times 
greater than that which has been extracted by man from the »solid 
crust 
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Distribution of temperature In tbe earth’s crust — 

In rising from the eaith’s surface into the highest points m the 
utmo'jphere which have been reached, we experience a constant and 
veiy rapid fall of temperature, but how far this progressive diminu 
tion in tempeiature continues is not known In the same way, in 
descending through the wateis of the ocean, a remarkable fall m 
temperature is found to take place, even in the warmest seas, till at 
a moderate depth water at only a little above 0°C is found , and it is 
ice cold water which occupies all the deepei parts of the oceanic de 
pressions 

When we penetrate downwards into the solid crust of the globe, 
however, we everywhere experience a rise of temperature At very 
moderate depths in all latitudes a stratum of invariable temperature 
is found, beneath which no changes due to daily or seasonal fluctua 
tions are experienced IJeneath this stratum of invariable tempera 
ture we find (alike in tropical, temperate, and polar regions) a 
progressive rise in temperature m going downwards, and this is con 
tinned to the lowest points that have been reached 

The instruments employed in determining the temperature of the 
earth’s crust are either slow action thermometers, or some form of 
maximum thermometer Slow action thermometers are instruments 
surrounded with some badly conducting material, which prevents 
any appreciable change taking place m the indications of the instru 
ment while it is being drawn to the surface Tbe forms of maximum, 
thermometers which have been used for the determination of earth- 
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temperatures m this country are the inverted Negretti, and Phillips’s 
thermometer improved by Sir Wilham Thomson (Lord Kelvin) On 
the Continent, various forms of overflow thermometers are usually 
employed for this class of observation— the Magnus thermometer in 
Germany and the Walferdin thermometer in France (see lig 1) 


I-lo I 
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Thermometerb emplojed in determining tarth temperaturts 

I Slow action thermometer, with itt bulb nirrounded with stearine 

II Ihe Inverted Negretti thermometer, with a constriction where the bulb joini 
the tube 

ni The Phillips thermometer with very narrow bore 

(The above instruments are employed in this country ) 

IV The liagnus overflow thermometer used in (Germany 

V Tim Walferdin overflow thermometer used in France 

(In the overflow thermometers it is necessary to raise the temperature after the 
inahrament Is brought to the surface, and when the mercury reaches the open end 
of the tube a reading is taken on a standard instrument placed beside it ) 

,Ail iA«se ioatnuneots are protected from pr^re by being enoloaed in strong glass 
tnb^ aud from mechaiuoal injuiy by placed in metd cases The figayw 
are about half the sUe of the Instrumeuts ’themselves 
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The obserTations by which earth tenipemtares are determined 
fall into two classes those made m mines, tunnels, do , where 
access can be obtained by the observer to the spot where, the 
temperature is to be taken, and those made in deep wells or bore 
holes (usually filled with water), into which the thermometer has to 
be let down by a cord or wire In the first class of observations, 
a slow action or maximum thermometer is allowed to remain for a 
considerable time in a hole bored in the solid rock, the mouth of the 
hole being closed with a tamping of fragments of the same rock 
The chief sources of error in observations m mines and tunnels 
consist in the changes of temperature due to ventilation and other 
processes going on within them In the case of deep wells and bore 
holes, the thermometer is let down and allowed to remain for a con 
siderable time at the depth where it is desired to make a temperature 
observation In such observations the principal risk of error is due 
to convection currents which must exist in all holes filled with water, 
but are least felt m boreholes of very small diameter The action of 
such coniection currents may, however, be neutralised by introdu 
cing water tight plugs above and below the thermometer, and thus 
isolating the water in the part of the well or borehole where the 
observation is being made 

Although we everywhere find a more or less rapid rise in tern 
perature m going downwaidb in the earth’s crust, the rate of increase 
varies greatly in dilTerent localities Many of the discrepancies can 
doubtless be aceountecf for by errors of observation, but when the 
fullest allowance is made for these the variations m different areas 
and even within the same area are often of a very startling character 

Professor Everett and the Committee on Underground Tempera- 
tures appointed by the British Association for the Advancement of 
Science have calculated that the average rate of the rise of tempera 
ture in going down into the earth’s crust is 1°F for every sixty 
leet of descent Professor Prestwich has been led to regard many 
of the published observations as altogether untrustworthy, and his 
discussion of all the best observations leads him to the conclusion that 
the average use of temperature is as rapid as 1° for 47 5 feet of 
descent, or even 1° for 45 feet of descent 

Another respect in which the results of underground temperature 
determinations show very marked discrepancies is in the uniformity 
or variation in the rate of increase in going downwards In the case 
of the Sperenberg boring which was carried to a depth of 4,172 feet, 
there was exhibited a decided tendency to a diminution in the rate 
of nse in temperature in going downwards In the Schladebach boring 
which reached a depth of 6,628 feet, the rate of increase {1®F for 67 
feet) was very uniform In the case of the deep well at Wheeling 
(West Virginia), with a depth of 4,500 feet, the temperature 
increased from 1°F for 82 feet in the upper part to 1°F for 68 feet 
in the lowest portion 

The effects of vauations in the specific heat and conductivity of 
rocks, and the influence of increased temperature and susceptibility 
to percolation of water, have all to be taken mto account in consider 
ing the vaned results given by observations on earth temperatures 
Lines drawn through points in the earth’s crust having the 
same temperature are c^ed ‘Isogeothermal lines’ or 'Isogeotherms ' 

At present, the data for drawing such hnes are very imperfect, but 
their distnbution within the earth’s crust is a matter of great 
) 
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interest to geologists There is reason to believe that beneath the 
ocean floors covered with ice cold water, and in those parts of the 
continents enveloped m snow and ice, the isogeotherms are depressed 
and growded together , while under the areas exposed to the atmo 
sphere, and especially in mountain chains, the isogeotherms rise 
and become separated from one another 

Blstrlbutlon of preooure in the earth’s crust.— The 
effects of pressure on the density of different parts of the atmosphere 
are of the most maiked character When we rise to a height of 3} 
miles, we have passed through one half of the atmospheie, and the 
tenuity of the higher portions of the gaseous en\ elope must be 
extreme Water, though so comparatively incompressible, does yield 
to the weight of the column above in the deep oceans Every 
thousand fathoms of descent is equivalent to an increase of pressure 
of one ton to the square inch From the experiments which he 
made upon this subject, Pitifessor Tait has concluded that the com 
pression of the oceanic waters by the superincumbent mass leads, in 
the case of the deepest oceans, to a depression of the surface of the 
ocean of one furlong (880 feet), and that the average height of the 
ocean is 116 feet less than it would be if watei weie an absolutely 
incompressible substance 

Rocks, having a density 2 75 times grcatei than that of water, 
must produce a pressiiie of neaily three tons per square inch foi 
every mile of descent The effects of such piessures, not only in 
increasing the density of locks, but in causing the penetiation of 
oidinary liquids and gases (the latter often in a liquefied condition) 
through them, must be enormous The minerals of neaily all the 
deeper seated rocks, as we shall hereafter see, contain cavities filled 
with liquids, among which carbon dioxide plays a very important 
part 


Fuller information concerning 
the physical characters of the earth ’a 
crust will be found by students in 
various treatises on phvsiograph} , 
such as that of Proft-ssor Huxley, 
and m Dr H Mill’s ‘ The Realm of 
Nature ’ Much valuable iiiforma 
tion on these questions is contaimd 
in the ‘Reports of the Voyage of 
H M S “Challenger ” ' The ques 
tion of the chemical composition of 
the earth's crust is treated of at 


length in the ‘Bull U S Geol 
Survey,’ No 7S, and for a complete 
discussion of earth temperatures 
the student is referred to Professor 
hiveretta reports on Underground 
Temperatures in ‘ Rtp Brit Assoc ’ 
vols from 18(58 ownwards (see sum 
mary in vol foi 188(5), also to 
Professor Prestwich s memoir on 
the subject (‘ Proc Roy Soc'188C), 
reprinted in ‘Essays on Contro 
verted (Questions of Geology,’ 1895 


CHAPTER III 

ROCKS AND THLIR CLASSIFICATION 

Classification of rocks according to their characters, origin, and age— 
Ecigene rocks— Aqueous rocks— Volcanic rocks— Hypogene rocks— 
Phitonic rocks— Metamorphic rocks 

Rocks, or the solid materials of the earth’s crust, may be classi 
fled according to sev eral different principles All rocks are built 
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up of mineraU , but while the individual minerals making up a 
rock can sometimes be distinguished with the naked eye, or by 
the aid of a lens, it is, m most cases, necessary to prepare t^in 
sections of rocks and to examine them with a microscope (often 
with very high powers) m order to discover the nature and 
peculiarities of the minerals which compose them 

Rocks which are built up of distinct crystals are said to be 
crystalline,^ those made up of broken fragments are called 
clitic A much more useful classification of rocks, however, 
is based on a consideration of their origin or of the conditions 
under which they have been fonned Nearly all the crystalline 
rocks, like granite and gneiss, are found to have originally 
underlain the rocks which have been formed at the surface, like 
sandstones, clays, and the different kinds of lava, while these 
latter do not as a rule occur underneath the highly crystalline 
locks The reason of this is, not that the crystalline rocks 
are necessarily older than the surface formed rocks, but that 
they originated at considerable depths within the earth’s crust 
Hence we may distinguish all rocks as either hypogene or 
nether formed rocks or epigene or surface formed rocks The 
epigene or surface formed rocks include the aqueous locks, 
formed by the action of water (of which class aei lal or ^^Jolian 
rocks, that is, materials accumulated by the action of wind, may 
be regarded as a subordinate group), and volcanic rocks pro 
duced by igneous agencies operating at or near the surface 
The hypogene or nether formed rocks include materials, like 
granite and diorite, which must have crystallised from a molten 
condition at great depths below the surface, and are called 
plutonic rocks, and rocks, which though originally aqueous or 
Igneous m origin, have undergone great changes, and often 
complete recrystallisation of their materials, and are therefore 
called metamorphic, like gneiss and schist We thus arrive at 
the following general tabulation of the rock masses of the globe ’ 

EpiRcne (or surface formed rocks) 

Hypogene (or nether formed rocks) j^rt^orphic 

■pigene or surftioe-formed rooki.— The rocks of this class 
comprise materials the origin of which is obvious to us, living 
as we do upon the earth’s surface 

* Vitreous, hyaline, or glassy ‘metamorphic’ were proposed by 

rocks form a small class subordinate Lyell in 1888, in the first edition of 
to the crystalline rocks the Principles of Geology 

* The terms ‘hypogene’ and 
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Aqneoiti rooks.— The aqueous rocks, sometimes called also 
sedimentary or fossiliferous, cover a large part of the earth’s 
surfcice, and they have evidently been formed under water 
Some consist of mechanical deposits (pebbles, sand, and mud), 
and others are of organic origin, especially the limestones and 
coals A few are of chemical origin, like rock salt and gypsum 
These rocks are usually stratified^ or divided into distinct layers, 
or strata The term stratum means simply a bed, or anything 
spread out or strewn over a given surface, and we infer that 
these strata have been generally spread out by the action of 
water, from what we daily see taking place near the mouths 
of rivers, or on the land during temporary mundations For, 
whenev er a running stream charged with mud or sand has its 
velocity checked— as when it enters a lake or sea, or overflovi s 
a plain— the sediment, previously held in suspension by the 
motion of the water, sinks by its own grav ity to the bottom 
In this manner layers of mud and sand are thrown down one 
upon another 

If we dram a lake which has been fed b} a small stream, we 
frequently find a series of deposits at the Ijottom, disposed with 
considerable regularity, one above the other, the uppermost, 
perhaps, may be a stratum of peat, next below is a more dense 
and solid variety of the same material, still lower a bed of shell 
marl, alternating with peat or sand, and then other beds of marl, 
divided by layers of clay Now, if a second pit be sunk through 
the same continuous lacustrine formation at some distance from 
the first, nearly the same set of beds is met with, yet with slight 
variations, some, for example, of the layers of sand, clay, or 
marl, may be wanting, one or more of them having thinned out 
and given place to others, or sometimes one of the layers first 
examined is observed to increase in thickness to the exclusion 
of other beds 

The term ^formation,' which has been used m the above ex 
planation, expresses in geology any assemblage of rocks which 
have some character m common, whether of origin, age, or 
composition Thus we speak of stratified and unstratified, 
freshwater and marine, aqueous and volcanic, ancient and 
modem fomiations 

In the estuaries of large nvers, such as the Ganges and the 
Mississippi, we may observe, at low water, phenomena analogous 
to those of the dramed lakes above mentioned, but on a grander 
scale, and extending over areas several hundred miles m length 
and breadth When the periodical mundations subside, the 
nver hollows out a channel to the depth of many yards through 
honzontal beds of clay and sand, the edges of which are seen 
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exposed in perpendicular cliffs These beds vary m their mineral 
composition, colour, and in the fineness or coarseness of their 
particles, and some of them are occasionally characterised by 
containing drift wood At the junction of the river and the 
sea— especially in lagoons, nearly separated by sand bars from 
the ocean— deposits are often formed in which brackish and 
salt water shells are included 

In Egypt, where the Nile has added to its delta by filhng up 
part of the Mediterranean with mud, the newly deposited sedi 
ment is stratified, the thin layer thrown down in one season 
differing slightly in colour from that of a previous year, and 
being separable from it, as has been observed in excavations at 
Cairo and other places 

^Vhen beds of sand, clay, and marl, contammg shells and 
vegetable matter, are found arranged m a similar manner m the 
interior of the earth, w e ascribe to them a similar origin , and 
the more we examine their characters m minute detail, the more 
exact do we find the resemblance Thus, for example, at various 
heights and depths in the earth, and often tar from seas, lakes, 
and rivers, we meet with layers of rounded pebbles, composed of 
hint, limestone, granife, or other locks, resemblmg the shmgles 
of a sea beach, or the gravel m a torrent’s bed Such layers of 
pebbles frequently alternate with others formed of sand or fine 
sediment, just as we may see in the channel of a river descend 
ing from hills bordering a coast, where the current sweeps down 
at one season coarse sand and gravel, while at another, when the 
waters are low and less rapid, fine mud and sand alone are 
carried seaward 

If a stratified arrangement, and the rounded form of pebbles, 
are alone sufficient to lead us to the conclusion that certain rooks 
ongmated under water, this opinion is confirmed by the distinct 
and independent evidence of fossils, often very abundantly in 
eluded in the earth’s crust By a fossil is meant any body, or 
the traces of the existence of an orgamc body — whether animal 
or vegetable— which has been buried m the earth by natural 
causes Every stratum was the burial-ground of its time Now 
the remams of animals, especially of aquatic species, are found 
almost everywhere embedded m stratified rocks, and sometimes, 
as m the case of many limestones, they are in such abundance 
as to constitute the entire mass of the rock itself Shells and 
corals are the most frequent, and with them are often associated 
the bones and teeth of fish, fragments of wood, impressions of 
leaves, and other organic substances Fossil shells, of forms 
such as now abound in the sea, are met with, fiu: inland, both 
near the surface, and at great depths below it They otcni at 

c 
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all heights above the level of the ocean, having been observed 
at elevations of more than 8,000 feet in the Pyrenees, 10,000 in 
the iVlps, 13,000 in the Andes, and above 18,000 feet in the 
Himalaya ’ 

These shells belong mostly to marine forms of life, but in some 
places exclusively to forms characteristic of lakes and rivers 
Hence it is concluded that some ancient strata were deposited 
at the bottom of the sea, and others m lakes and estuaries 

Aerial or iEohan rocks did not attract much attention in the 
early da 3 ^s of geologv, but it is evident that they are forming 
at the present time over large surfaces of the eaith, and that 
this vv as also the case in former ages Changes take place on 
the surface of the earth which cannot be attnbuted to move 
ments by water, and deposits accumulate which are also not 
referable to that agent The vast dejiosits ot loess m Eastern 
Asia have been attributed to blown dust, the desert sands of 
rainless regions, the sand dunes of many coasts and inland areas, 
and of the sides of lakes, are due to remo\ al, by air in move 
ment, of substances which have often been entirely eroded b\ 
atmospheric action and sometimes hy water Soils and thick 
deposits, like the laterite of Hmdostan, are the result of chemical 
and other changes in the locks exposed to the atmosphere The 
accumulation of organic remains, both vegetable and animal 
in masses, often takes place without the intervention of an 
aqueous agencj, and coal, jieat, and some collections of bones, 
are examjiles of this action Volcanic ash is wafted far and 
wide by wind, and gives rise to important deposits, man> of which 
were formed on dry land Frost breaks up rocks, and the debris 
may accumulate w ithout being subjected to the action of moving 
water Morame matter, tlie product of land glaciers, and the 
blocks carried by ice, or simply remaining as the relics of sub 
aerial denudation, must be regarded as belonging to this group 
of aenal rocks Many of these rocks, however, assume the 
stratified form, and contain organic remains 

That aerial or ^Eolian rocks are not more commonly found 
among the stratified masses of the earth’s crust is due to the 
circumstance that, before they can be covered up by marine 
deposits, such accumulations on the land must be subjected to 
the action of the waves and currents, and thus have their 
materials distributed to form ordinary aqueous masses 

Volcanic rooks — The rocks which w e may next consider 
are the volcanic, or those which have been produced at or near 
the surface, whether in ancient or modern times, by the action 

> G-en SirR Strachey found Jurassic fossils at an altitude of 18,400 feet 
in the Himalaya 
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of heat , such rocks are for the most part unstratified, and 
are devoid of fossils Many volcanic rocks exhibit a parallel or 
banded structure, however , and we find lava streams alternating 
with beds of scoriae and ash These latter may sometimes be 
sorted while falling through air or water, and thus become 
stratified , when accumulated in seas and lakes, deposits formed 
in this way may occasionally include fossils The volcanic 
masses are more partially distributed than aqueous formations, 
at least in respect to horizontal extension Among those parts 
of Europe where they exhibit characters not to be mistaken, 
may be mentioned not only Sicily and the country round Naples, 
but Auvergne, Velay, and Vivarais, now the departments of 
Puy de Dome, Haute Loire, and Ardeche, towards the centre 
and south of France, m which are several hundred conical 
hills having the forms of modem volcanoes, with craters more 
or less perfect on many of their summits Besides the parts 
of France above alluded to there are other countries, as the 
north of Spam, the south of Sicily, the Tuscan territory of 
Italy, the lower Rhenish provinces, Hungary, and many parts 
of Western America and Australia, where extinct volcanoes may 
be seen, still preservmg, m many cases, a conical form, and 
having craters and often lava streams connected with them 
These cones are composed, moreover, of lava, scon®, and ashes, 
similar to those of activ e volcanoes Streams of lav a may some 
times be traced from the cones into the adjoining valleys, where 
they have choked up the ancient channels of rivers with solid 
rock, in the same manner as some modern flows of lava m Ice 
land have been known to do— the rivers either flowing beneath 
or cutting out a narrow passage on one side of the lava 

Although none of the volcanoes of Central France have been 
in activity within the period of human history, their forms 
are often very perfect There are some volcanoes, however, 
which have been compared to skeletons, m which rain, streams, 
and torrents have washed their sides, and removed all the 
loose sand and scon®, leaving only the harder and more 
solid materials By this erosion, their internal structure has 
occasionally been laid open to view, m fissures and ravines, 
and we then behold not only many successive sheets and 
masses of lava, sand, and porous scon®, but also perpendicular 
walls or dikes, as they are called, of volcanic rock, which have 
burst through and filled up the cracks in the other materials 
Such dikes may also be observed m the structure of Vesuvius, 
Etna, and other active volcanoes 

There are also other rocks m almost every country in Europe, 
which we infer to be of igneous origin, although they do not 
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form hiUs with cones and craters Thus, for example, we feel 
assured that the rock of Statfa, and that of the Giant’s Cause- 
wayf called basalt, is volcanic, because it agrees m its structure 
and mmeral composition with streams of lava which we know 
to have flowed from the craters of recent volcanoes We find 
also similar basaltic and other igneous rocks associated with 
beds of tujf in various parts of the British Isles and also forming 
dtl(es, such as have been spoken of, and some of the strata 
through which they cut are occasionally altered at the point of 
contact, as if there had been an exposure to the intense heat of 
melted matter The older writers were in the habit of calling 
the volcanic rocks of earlier geological periods by the name of 
‘ trap rocks,’ from the circumstance that the hills fonned when 
such rock ma88e8ji.re denuded are apt to assume a terraced or 
step like contour, from the Swedish trappa or stair This term 
18 now, however, seldom employed by geologists 

The absence of cones and craters, and of long narrow streams 
of superficial la\a, m England and many other countries is to 
be attributed to the circumstance that, owing to the long penod 
which has elapsed since their eruption, all the loose accumulations 
have been swept away by the action of ram and rivers But 
this question must be enlarged upon more fully in the chapters 
on Igneous rocks, in which it will also be shown that, as different 
sedimentary formations, containing each their characteristic 
fossils, have been deposited at successive periods, so also volcanic 
dust and scoriae have been thrown out, and lavas have flowed 
over the land or bed of the sea, or have been injected into 
fissures, at many different epochs , so that the igneous as well 
as the aqueous and aerial rocks may be classed as a chrono 
logical senes of monuments, throwing light on a succession of 
events m the history of the earth 

Hypogene or nother-formed rooks.— If we examme a 
large portion of a continent, especially if it contain within it a 
lofty mountain range, we rarely fail to discover two other 
classes of rocks, very distinct from either of those above alluded 
to, and which we can neither assimilate to deposits such as are 
now accumulated m lakes and seas nor to those generated by 
ordinary volcanic action The members of both these classes 
of rocks agree in bemg highly crystalline and destitute of 
organic remains The rocks of one class have been called 
plutomc, comprehendmg all the gramtes, diorites, gabbros, and 
certain ‘ porphyries,’ which are alhed in some of their characters 
to volcanic rocks The members of the other class are more or 
less perfectly foliated or schistose m structure They are the 
gnemet and cryttalhne ichuta, or metamorphic rooks in which 
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group are included gneiss, nuea schist, hornblende schist, sta 
tuary marble, and other rocks afterwards to be described 
Plutonto rooks.— As it is admitted that nothing stnctly 
analogous to these crystallme rocks can now be seen m the 
progress of formation on the earth’s surface, it will naturally be 
asked on what data we can find a place for them in a system of 
classification founded on the origm of rocks It may be stated, 
as the result of careful study, that the various kinds of rocks, 
such as granite, diorite, and gabbro, which constitute the plutonic 
family, are of igneous or aqueo igneous origin, and have been 
formed under great pressure, at a considerable depth in the 
earth The Germans speak of these rocks as Tiefengestetne, 
while the French geologists apply to them the name of ‘ roches 
de profondeur ’ Like the lava of volcanoes, they have been 
melted, and have afterwards cooled and crystallised— but with 
extreme slowness, and under conditions very different from 
those producing the volcanic rocks Hence they differ from 
the volcanic rocks, not only by their more crystallme texture, 
but also by the absence of tuffs and breccias, which are the 
products of eruptions at the earth’s surface, or beneath seas of 
inconsiderable depth* They differ also by the absence of those 
pores or cavities, to which the expansion of the entangled 
gases and steam gives rise m ordmary lava 

Metamorpmo rooks. — The last great division of rocks in 
eludes the foliated crystallme rocks and schists, called gneiss, 
mica schist, chlorite schist, talc schist, quartzite, marble, and the 
like, the origin of which is more doubtful than that of the other 
classes They rarely contain either pebbles, or sand, or scoriw, 
or angular pieces of embedded stone, or traces of organic bodies, 
and they are often as crystallme in their structure as gramte 
itself, they sometimes form bed like masses, somewhat similar 
m form and arrangement to those of sedimentary formations 
The bands or ‘folia’ of which they are made up consist of 
alternations of minerals varymg in colour, composition, and 
thickness According to the Huttonian theor} , which is here 
adopted as the most probable, and which will be afterwards 
more fully explamed, the materials of these rocks were origmally 
deposited from water m the form of sedunent, or thrown out 
from volcanoes as lava or dust, or consohdated beneath volcanoes 
as plutomo masses, but they have been subsequently so altered 
by heat, chemical action, and pressure, as to assume a new 
texture, and acquire a new mmeral composition It is demon 
strable, m some cases at least, that such a complete conversion 
has actually taken place, fossiliferous strata having exchanged 
an earthy for a highly crystallme texture for the distance of a 
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quarter of a mile from their contact with granite In some 
cases dark limestones, replete with shells and corals, have 
bedn turned into white statuary marble, and hard clays, con 
taming vegetable or other remains, into rocks approaching m 
character to mica schist, every vestige of the organic bodies 
having been obliterated 

In accordance with the hypothesis above alluded to, it was 
pioposed in the first edition of the ‘Principles of Geology’ 
(1833) to emploj the term ‘ Metamorphic ’ for the altered 
strata, the word being derived from jufrn, meta, transy and 
morphe, forma 

From what has now been said, the reader will understand 
that each of the great classes of rocks may be studied from two 
distinct points of jiew First, thej may be regarded simply as 
mineral masses owing their origin to particular causes, and 
having a certain chemical composition, form, and position in 
the earth’s crust, or exhibiting other characters, such as the 
presence or absence of organic remains In the second place, 
the rocks of each class may be viewed as constituting a grand 
chronological series of monuments— attesting a long succession 
of events m the former histor} of the globe and of its livmg 
inhabitants 

We shall accordmgly proceed to treat of each class of rocks , 
first, in reference to those characters which are not chronolo 
gical, and then in particular relation to the sex eral periods when 
they were formed 

If we desire to make a more special classification of rocks, it 
is necessary to determine the species of minerals of which they 
are built up, and the relations of these minerals to one another 
Except in the case of some coarse grained rocks, this can only 
be done by preparmg thin transparent sections of the rock 
Such transparent sections of rocks are produced by grinding 
down one side of a rock fragment to a smooth and polished 
surface, cementing it upon a piece of glass, and then grinding 
away the exposed portion of the rock till nothing but a thin 
film remams By the use of a lapidary’s wheel and other 
apparatus, specially devised for the purpose, the work of making 
such rock-sections may be greatly facilitated 

The characters of the chief rock forming minerals are 
described m Appendix A 

For works m which rocks are Mr Teall’s ‘British Petrography,’ 
mtemstioally described, the stu and the Treatises on Petrography, 
oratisreferr^toMr Harker’B‘Pe published by Von Lasaulx, Zirkel, 
trology lor Students,’ Mr Butin’s and Bosenbusch in Germany, and 
‘Granites and Greenstones,’ Dr by Fouqutf, Michel Ldvy, and 
Hatch’s ‘ Text Book ol Petrology,’ Lacroix m France 
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AQUEOUS ROCKS 


Sfction I Gfvi<ral Relations of the Str^tififd Rocks 


CHAPTER IV 

composition and ( LASSIUCATION 0^ AQUFOUS rocks 

Cliemical, mtchanical, and organic deposits — Arenaceous rocks— Aigilla 
ceous rocks — Calcareous rocks — Other varieties of aqueous rocks — 
Phosphatic deposits—lronstoues — Oj psum— Rock salt— Carbonaceous 
deposits — Peat — CoSl — Anthracite 

In pursuance of tlie arrangement explained in the last chapter, 
we shall begin b> examining the aqueous (and aerial) or sedi 
mentary rocks, which are for the most part distmctly stratihed 
and often contain fossils We ma\ hrst study them with 
reference to their mineral composition, external appearance, 
position, mode of origin, organic contents, and the othei 
characters which belong to them as sedimentary formations— 
independently of their age, and we may afterwards consider 
them chronologically or with reference to the successive 
geological periods in which they originated 

We have already given an outline of the data which led 
to the belief that the stratified and fossiliferous rocks were 
originally, with rare exceptions, deposited under watei , but, 
before entering into more detailed investigations, it will be 
desirable to say something of the oidinary materials of which 
such strata are composed They may be said to belong prin 
cipally to three divisions— the arenaceous, the argillaceous, 
and the calcareous Of these the arenaceous are chiefly made 
up of sand or siliceous grains , and the argillaceous of clays or 
compounds of silica, alumina, and water , while the calcareous 
rocks consist of calcium carbonate, with sometimes magnesium 
carbonate also 

€liemioal» neoliaBlea], and orfanie deposits.— A dis 

tmction has been made by geologists between deposits of a 
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mechanical and those of a chemical origin Under the term 
mechanical deposits are designated beds of mud, sand, or pebbles, 
produced by the action of running water, as well as accumula 
tions of la^ a, fragments, scorise, and dust thrown out of a volcano 
These materials ha\e been held in suspension m water or air, 
and have acquired their present disposition through the action 
of gravitj But the matter which forms a chemical deposit 
has not been mecha ically suspended m water but held in 
solution in the water till separated from it by chemical action 
In this way calcium carbonate is sometimes precipitated in a solid 
form around springs, as may be well seen m many parts of Italy 
In these springs the calcium carbonate is usually held m solution 
by an excess of carbon dioxide dissolved in the uater , and, on 
the water escapmg from the earth, the excess of gas passes off into 
the au*, causing the dissolved calcareous matter to separate and 
be deposited on shells, fragments of wood, leaves, &c , encrusting 
and binding them together The rock thus formed is called 
‘ Travertine ’ (Tiber stone) Caves often have ‘ stalactites,’ or 
pendent icicle like masses, suspended from their roofs with 
layers on their floors (‘ stalagmite ’), and these calcareous sub 
stances are in process of formation at the present time Bam 
water which has taken up carbon dioxide from the air, percola 
ting through limestone rocks (in which caves are so often 
formed), takes up a certain amount of the calcium carbonate, 
and forms a soluble bicarbonate The water thus charged 
drops from the roof, and gives off some carbon dioxide to the 
air, a corresponding amount of calcium carbonate being set free 
to form the pendent stalactites The excess of water which 
drops on the floor of the cave, m some instances, gives off more 
carbon dioxide, and a further precipitation of calcium carbonate 
takes place to form the layers of stalagmite There is, how 
ever, reason for beheving, as shown by Professor Cohn, that m 
nearly all cases in which travertine is formed an important 
part IS played by vegetable organisms, these extract carbon 
dioxide from the water and thus facilitate the precipitation of 
the calcium carbonate 

No similar travertine ever appears to be formed upon the 
bed of the ocean, for, as a general rule, the quantity of calcium 
carbonate diffused through sea water is so mmute that direct 
chemical precipitation cannot take place The separation 
of calcium carbonate from sea water and the fresh water of 
many lakes and rivers appears to be due entirely to vital 
agency Many plants and animals have the power of taking 
up from water the mmute proportions of calcium carbonate, 
caloiom phosphate, siUca, &o., wluch it contains, and of buildmg 
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these materials into their tissues On the death of the organ 
isms, the solid skeletons remam behind to form great rock 
masses In this way chalk and other forms of forammiftral 
rock, various coral and shell rocks, as well as bone beds and 
certain sihceous deposits, are formed Bocks thus produced 
by the action of vital agencies are known as organic deposits 

Arenaoeons rooks {paammitei of some authors) — ^These 
consist of masses of loose sand or of coarser matenals which 
may become cemented together so as to form rocks of great 
hardness We find many varieties dependent on the form and 
8176 of the constituent grains, the nature of the minerals forming 
the grams, and the substances by which the grains are bound 
together 

Most sands are composed of grams of quartz These are 
sometimes perfectly angular, at other times subangular, and not 
iinfrequently completely rounded into microscopical pebbles 
(‘ millet seed ’ sand) There is reason to beheve that all per 
fectly rounded sand grains have at some period of their history 
been subjected to the action of the wind The grains of sand 
found in deserts which have been acted upon by the wind are 
usually rounded and polished, and both Daubr^e and J A Phillips 
have shown that but little roundmg takes place m fine particles 
of quartz when suspended m water We occasionally find sands 
made up of grams which have the external form of quartz crys 
tals (crystalline sands and sandstones) It has been shown by 
Sorby and others that the original form of these sand grams 
was irregular, and that then* beautiful crystalline faces have 
been acquired by the deposition upon them of silica held in 
solution In this way the fragments of old quartz crystals 
become enlarged and have their crystalhne forms restored to 
them By the aid of the microscope we can, indeed, see the 
old sand gram lymg in the midst of the crystal of quartz 
which has enveloped it The sandstone of Penrith is a beautiful 
example of a crystalline sandstone The red, brown, yellow, 
and other tmts exhibited by sands are usually due to thin 
films of iron oxide more or less hydrated which have enveloped 
them By the action of acids these surface films may be re 
moved and a white or colourless sand left behind 

Sands mingled with water are known as runmng or qmoh 
sands f when moved about by the air they are called hhm 
sands and form [rounded hills (dunes) Dry sands sometimes 
give out a distmct note when struck or walked upon {musical 
sands). The sound produced by these musical sands appears 
to be due to a great number of particles of uniform size 
rubbing or striking against one another Dssart sands are 
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largely made up of well rounded and polished particles of 
quart? 

‘ Sands are usually composed of particles of the mineral 
quartz or crystallised silica Quartz is a very abundant and 
a very hard mineral, which has no tendency to split up into 
thin dakes, or, as the mineralogist says, it has no cleavage, and 
it 18 for these reasons that the great bulk of most sands is made 
up of quartz grams Other minerals, however, often enter, 
sometimes very largely, into the composition of sands Thus 
the fragments of quartz, felspar, and mica formed by the dis 
integration of a granite may accumulate to form a granitic sand 
buch granitic sand when reeonsohdated forms the rock known as 
ariose Many sandstones contain a considerable proportion of 
particles of jelspar, and these are known as fehjiatlnc sand 
stones^ or greywacle ‘Other sandstones contain much mica, 
generally disposed along the planes of bedding, and are called 
micaceous sandstone and flagstone Rarer minerals are found 
in sands and sandstones, by sifting out the minuter and heavier 
particles and separating these, according to their density, by 
dropping them into heavy liquids Zircons, garnets, tourma 
lines, and many other minerals are thus shoun to be often 
present in these rocks By the study of sand and sandstones 
under the microscope, it is often possible to determine the 
nature of the rocks from which the loose materials have 
been derived by the action of denudation 

Sands differ much in the si/e of the grains of winch they 
are made up When the grains are very coarse many authors 
speak of the rock as a grit, but this name is given by other 
geologists to sandstones made up of angular grams Rocks 
made up of loose fragments of all si/es, usually siliceous, are 
called gravels, and these are distinguished as angular, suh 
angular, or pebbly, according to the degree of rounding of 
the fragments Pebbly gravels, when consolidated into hard 
rocks, are known as conglomerates or pudding stones , angu 
lar fragments, when consolidated, form breccias The sili 
ceous particles of arenaceous rocks are sometimes bound 
together by calcareous matter {calcareous sandstones and 
calcareous grits) , at other times iron oxide forms the 
cementmg material, giving rise to what are known as car> 
stones Most usually, however, the cementmg material in 
arenaceous rocks is silica, either partially or wholly crys 
tallised In such rocks the origmal boundanes of the constitu 
ent grams may sometimes be made out under the microscope, 
but are not unfrequently wholly lost In this way the sand 
stone 18 found msensibly passing into the rock known as quartz> 
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rock or quartzite The rocks known as grey-wethers or sarsen 
stones are composed of sand cemented into a hard rock by 
silica deposited between the grains 

Vanous foreign admixtures may be found in sands and 
sandstones When sand is largely mingled with argillaceous 
matter it is called a loam — but this term is more employed by 
agriculturists than by geologists Sandstones may contain 
particles of silicates (glauconite &c ), usually of a green colour, 
which have been deposited in the interiors of organisms 
These ‘ greensands ’ have sometimes been called ‘ chloritic 
sands ’ and * glauconitic sands,’ but neither name is very appro 
priate The presence of other kmds of foreign matenals gives 
rise to carbonaceous, ferruginous, or argillaceous sands and 
sandstones 

Arflllaoeous rooks {pehtea of some authors) include all 
the varieties of mud, clay, and their hardened representatives, 
such as shale and clay slate These rocks are composed essen 
tially of silicate of alumina, with varymg quantities of water 
The purest clay is kaolin, or porcelain clay, which contains 46 
per cent of silica, 40 pei cent of alumina, and 14 per cent of 
water In Fuller's earth the proportion of silica is higher 
and of alumina less, but the material contains 80 per cent of 
water and considerable quantities of other substances (iron 
oxide, lime, and magnesia), which may be regarded as im 
purities Most clays probably consist of these and other hydrated 
silicates of alumina mingled with minute fragments of many 
other minerals On account of the minuteness of the mineral 
particles which compose them, it is often di&cult, even with the 
highest powers of the microscope, to make out the mineralogical 
constitution of cla>s Many of the hydrated silicates of alumina 
form crystallme scales like mica, and these can be detected by 
the microscope By carefully washing clays in water, fine needles 
of rutile (ovide of titanium) and fragments of other minerals 
may be isolated Most clays exhibit the important property of 
plasticity, which renders them so valuable for making bricks, 
tiles, and vanous kinds of pottery One general character dis 
tinguishmg the argillaceous rocks is that of giving out a peculiar 
earthy odour when they are breathed upon 

Ftpe cla/ys are white clays nearly free from the hydrated 
oxides of iron which communicate red, yellow, and brown colours 
to most argillaceous rocks Many vaneties of clay when dug at 
some depth from th^surface have a dark-blue colour, which is 
due, as was shown by Ebelmen and Church, to the presence of 
finely divided iron disulphide (iron pyntes) Fire clays or refrac 
tory clays contam q considerable amount of unoombmed sihca, 
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whioh makes ihem difficult to fuse , such clays are used for 
making crucibles and lining ffimaces Clays frequently contain 
large quantities of foreign matter, and are known as ca/r 
hofmewm^ imcaceous, sa/ndy, or ferruginous clays Clays con 
taming much calcareous matter are properly called marh, but 
this name is often incorrectly apphed to true clays containing 
httle or no calcium carbonate 

Hardened clays which are not ftssile are often called mud- 
stones When induration is accompanied with the development 
of a lammated structure along the planes of bedding, the rock 
18 called a shah Some carbonaceous shales yield hydrocarbons 
when subjected to distillation, and these are known as oil shales 
Torhanite is a valuable oil shale found in the carboniferous 
rooks m the south of Scotland Near great igneous masses 
argillaceous recks pass into a material of great hardness, den 
sity, and fineness of gram, which is called flmty-slate, Lydnmi 
stone (Lydite), and porcellamte or argillite Some of the 
argillaceous rocks winch have been altered by the contact of 
great igneous masses are found to be filled with microscopic 
crystals of garnets and other hard minerals In consequence 
of the presence of these the rocks are employed for grmdmg 
and polishmg purposes {whetstones^ novacuhtes) In other 
cases, larger but ill defined crystalhne particles separate in such 
rocks, giving rise to what are known as spotted slates When 
distinct mmerals like chiastolite, ottrelite, Ac , can be made out 
with the naked eye, the rocks are called chiastolite slate, ottrelite 
slate, &c 

Some argillaceous rocks split up along planes distinct from 
the planes of bedding These rocks constitute slates or clay> 
slates When minerals hke mica, talc, chlorite, &c , are developed 
along the planes of separation or cleavage, the clay slates pass 
into what are called phyUites, or, as they are often called by 
English wnters, mica slate, talc slate, chlorite slate, &c These 
rocks constitute a transition between the classes of aqueous and 
metamorphic rocks 

OftleMreous rooks (or llmostoaos) consist of calcium oar 
bonate often combmed with more or less magnesium carbonate 
They are usually of organic, but occasionally of cheimoal 
ongm When composed of calcium carbonate they eftsrvesce 
freely when a drop of dilute acid is placed upon them If the 
geologist finds it mconvenient to carry a bottle of hquid acid m 
the field, he may use sohd substances like phosphoric, oxalic, 
and citnc acids, addmg a drop of water. When the quantity of 
magnesium carbonate m a rock is large, the eftervescenoe with 
Acid w decidedly less brisk , such rodb ^e called mafnetvm 
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Imeitonei When we have the definite compound of the mag* 
nesmm and calcium carbonates known as dolomitei we get‘ no 
effervescence at all with cold dilute acid Even dolomites, 
however, effervesce and dissolve when the acid is warmed 
When limestones are heated they give off the carbon dioxide, 
and anhydrous calcium oxide (quick hme) is left behmd If 
water be added to the quick lime a hydrated calcium oxide 
(slaked lime) is formed with great evolution of heat 

Travertine, with its varieties stalactites and stalagmite, have 
already been mentioned as examples of chemically formed lime 
stones Pisolite and oolite (roestone) are made up of rounded 
grains composed of concentric coats of calcium carbonate enve 
loping a fragment of shell or other foreign substance Recent 
studies point to the conclusion that the formation of all these 
substances is not due to chemical action alone, but that various 
lowly vegetable organisms play an important part in removing 
the excess of carbon dioxide in the water, and causing the de 
position of the calcium carbonate 

Most of the limestone rocks found in the earth’s crust are 
undoubtedly of organic origin, and are built up of the remains 
of various plants (calcareous algee), or of the skeletons of animals, 
such as forammifera, corals, bryozoa, moUusca, &c 

Some organisms have their skeletons composed of calcium 
carbonate in the form of the mineral calcite, others in the form 
of the mineral aragonite, while some skeletons are made up of 
both these minerals Aragonite is an unstable mineral, and cal 
cite a stable one, but the former may be converted into the 
latter Organic structures composed of aragonite are either 
dissolved away (leaving empty casts) or are converted into 
‘ pseudomorphs ’ of calcite 

Chalk 18 a soft foramimferal limestone Other limestones 
made up of forammifera are the nummulitic limestones, the 
orhtoidal limestones, the fusuhna limestones, &c Entro 
chtal limestones are made up of the stems of crmoids, and 
various kmds of shell limestones consist of the remains of 
different species of mollusca , limestones made up of bryozoa 
(like the so called * coralline crag') have also received dis 
tmctive names 

Oolite hmestones are made up of small rounded grains, hke 
the roe of a fish When the grams are of larger size— approaching 
that of a pea— the rock is called a pisolite (‘ pea gnt ’) Recent 
investigatums tend to show that oolites and pisolites probably 
owe their formation to the action of minute aquatic plants (algse) 

In thm sections, oolitic and pisohtic grams are seen to exhibit a 
remarkable concentric and ladiated structure Rocks made up 
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of oolitic giains are found of all ages, and similar rocks are being 

formed at the present day m the coral reefs of the Bahamas 

andm the Great Salt Lake of Utah 


Fig 2 



Fig 3 



Fig 2 —Section of oolitic gmiiulc' the formation of wincli can be seen at the 
pre'scnt day x 70 The four figures on the left show both radiated and con 
centric structure These specimens were obtained from the (>reat Salt Lake 
of litah Iheir origin is ascribed by Dr Rothplets to tlie action of minute 
algffi The figures on the right are from oolitic grains tiund on tlie coral 
reefs of the Bahamas They exhibit a concentne structure and are developed 
around nuclei which maybe grains of sand foraminlftral shells, or other 
minute objects Tlit gram partialis seen at the top on the right sliows a 
number of branching tubes fornud by burrowing algai which are found 
perforating all calcareous organisms 

Fig 3 - Section of an oolitic limestoni fiom near Biitli al>o x 70 In general 
cliaracters the oolitic granules agree with those forintii at the prisint das, 
but they are bound together by crystalline calcite 


Manj limegtonet. contain foreign subbtances , and thus we get 
argillaceous, ferruginous, siliceous, and sandy limestones, cai 
honaceous, glauconitic, and pyntous limestones, &c Ihe cal 
cium carbonate is often more or less crystallised, and when 
sufficiently hard to bear polishing the rotk is called ‘marble ’ 
\Vhen completely crystallised we get either the pure white 
statua/ry or saccharoid limestone, or a similar material coloured 
by various foreign minerals which are present as impurities 
outer vaiietlee of aqueoui rocks —In addition to the 
three principal classes of aqueous rocks which pass mto one 
another by insensible gradations, we find several other materials 
present in much smaller quantities as stratified masses. 

Beds of calcium phosphate, often made up of bones and 
teeth (bone beds), occur, but are of hmited thickness and extent. 

Beds of iron carbonate or of iron o\ide, with or without 
water, are by no means rare , the ferruginous matei^ials being 
variously combined with calcareous, argillaceous, and arenaceous 
substances In most cases it can be shown that the ferrous 
carbonate has replaced calcium carbonate m the rock, even the 
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remains of shells and other calcareous organisms being con 
verted into iron carbonate Some of these rocks, as at Cleve 
land in Yorkshire, and Scunthorpe in Lincolnshire, form vyy 
valuable iron ores Rocks which once consisted of ferrous car 
bonate are often found converted mto the brown hydrated ferric 
oxide 

Gypsum, or hydrated calcium sulphate, forms beds of con 
siderable extent When crystalline or nearly compact it forms 
the ornamental stone known as alabaster, which is distinguished 
from marble by its much greater softness In cla;y8 exposed to 
the action of the weather, crystals of gypsum (selenite) are often 
formed by sulphuric acid, produced by the oxidation of pyrites, 
coming into contact with the calcium carbonate of fossil shells 
Beds of anhydrite, which la gypsum deprned of water, also 
occur in some places 

Rock salt and some allied substances are loimd in extensive 
beds in certain places 

Lastly, deposits of peat, lignite, coal, anthracite, and graphite, 
with others of cannel coal, and solid and liquid hydrocarbons, are 
found m layers sometimes of considerable thickness , while the 
whole substance of pCroiis rock masses may be impregnated 
with various liquid and gaseous hydrocarbons 

Varieties of coal —Ordinary coal is more or less amorphous, 
it only occasionally shows something of a hbrous structure, and 
It has a tendency to cleave in cubical or piismatic blocks The 
divisional planes often contain small films of calcite, gypsum, 
and iron pyrites 

The coals spoken of as bituminous ’ are those which soften 
or fuse when heated at a less temperature than that required ♦ 
tor combustion, it must be remembered, however, there is 
nothing like bitumen m coal, and the proportion of carbon m 
such coals IS from 80 to 90 per cent , of hydrogen 4 5 to b per 
cent , and oxygen 8 to 14 per tent 

It appears, from the researches of Liebig and other eminent 
chemists, that when wood and vegetable matter are buried m 
the earth exposed to moisture, and partially or entirely excluded 
from the air, they decompose slowly and evolve carbon dioxide 
gas, thus parting with a portion of their original oxygen By 
this means they become gradually converted into lignite or 
wood coal, which contains a smaller proportion of hydrogen and 
oxygen than wood A continuance of decomposition changes this 
lignite into common or bituminous coal, cbedy by the escape 
of carburetted hydrogen, or the gas by which we illuminate our 
streets and houses Accordmg to Bischoff, the mflammable gases 
which escape from coal, and are so often the cause of fatal 
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accidents m mines, always contain carbon dioxide, carbaretted 
hydrogen, and nitrogen The disengagement of all these gra 
dually transforms ordinary or bitummous coal into antliracite 
The chemical composition of the several varieties of coal, 
with their relations to one another and to the vegetable tissues 
out of which they are formed, are illustrated in the following 
tables, which are based on data collected by Prof Thorpe 
Mean CoMPOsinov oi Carbonaceous Deposits, the Ash 

BEING DEDUCTED 



Wood 

Humus 

1 __ 

1 Peat 

Lignite] 

Broun 

CO ll 

I Caking 

1 coal 

1 

j Steam 
j coal 

Anthra 

cite 

Carbon 

60 2 

1 

64 8 

60 8 

67 4 

728 

I 80 6 

1 86 5 

86 2 

Hydrogen 
Oxygen and 

02 

48 

69 

< 66 

6 4 

1 6 3 

! '' 

2 5 

Nitrogen 

43 6 

404 

13 3 

27 0 

218 

14 2 

83 

23 


That the conversion of vegetable tissues into peat and coal 
and thence into anthracite is brought about by a diminution in 
the quantity of hydrogen, oxygen, and nitrogen, and an increase 
of the residual carbon, is shown by the following table, in which 
the proportion of the gaseous constituents to the carbon is cal 
culated, the ash being omitted — 



speeiflc 

gravity 

j Carbon 

1 

j Hvdiofeon 

' Oxvgen 
and 

Nitrogen 

Wood (average) 

050 

1 100 

12 S 

1 86 8 

Peat (average) 

0 85 

100 

i 97 

, 64 7 

Lignite (average) 

104 

100 

83 1 

' 40 0 

Brown coal (average) 

115 

1 100 

74 1 

29 7 

Common coal (average) 

130 

100 

0 4 1 

13 4 

Anthracite (average) 

150 

100 

2 6 1 

23 

Graphite (average) 

2 20 

100 

0 

0 


It must be remembered, however, that while the oxygen, 
hydrogen, and nitrogen are passmg off, a portion of the carbon 
goes too, not only water and ammonia being formed but carbon 
dioxide and various hydrocarbons The gaseous elements, how 
ever, pass off at a greater rate than the carbon, and thus the 
proportion of the latter element is bemg continually augmented 
m the residual mass The existence of occasional seams of coal 
almost wholly made up of the macrospores and microspores of 
the great cryptogams of the penod will be noticed m the sequel^ 
such beds occur m the Yorkshire and Leicestershire Coal fields, 
and m many other districts (See p 61, fig 66 ) 

The composition of the nearest modem representatives of 
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the coal measure plants, and of their spores, is compared with 
that of the spore coals in the following table — 



Lycopods 

Lycopod spores 

* Better bed * 
spore coal 

Carbon 

1 46 8 

616 

851 

Hydrogen 

62 

84 

34 

Oxygen and Nitrogen i 

42 1 

27 7 

62 

Ash 1 

49 

24 

63 


There is an intimate connection between the extent to \\hich 
the coal has in different regions parted with its gaseous contents, 
and the amount of disturbance which the strata have undergone 
In the eastern part of the South Wales Coal field we find beds 
of ordinary or ‘ bituminous ’ coal, which further west are replaced 
by the harder coals containing a higher proportion of carbon and 
a smaller percentage of oxygen and hjdrogen, and constituting 
the well known ‘ steam coals ’ of the district Further west, m 
Pembrokeshire, where the disturbance of the strata has been \ ery 
great, we find the coals replaced by beds of anthracite, in which 
almost all traces of oty*gen and hydrogen have disappeared 
In Pennsylvania, the strata of coal are horizontal to the 
westward of the Appalachian Mountains, where Professor H D 
Rogers pointed out that they were most bituminous , but as we 
travel south eastward, where they no longer remain level and 
unbroken, the same seams become progressively debitummised 
in proportion as the rocks become more bent and distorted 
At first on the Ohio River the proportion of hydrogen, oxygen, 
and other volatile matters, ranges from forty to fifty per cent 
Eastward of this line, on the Monongahela, it still approaches 
forty per cent , where the strata begin to experience some gentle 
flexures On entering the Appalachian Mountains, where the 
distinct anticlinal axes begin to show themselves, but before the 
dislocations are considerable, the volatile matter is generally m 
the proportion of eighteen or twenty per cent At length, when 
we arnve at some isolated coal fields associated with the 
boldest flexures of the Appalachian chain, where the strata 
have been actually turned over, as near Pottsville, we find the 
coal to contam only from six per cent of xolatile matter, thus 
becoming a genuine anthrapite 

Besides the general descriptions Sorby to the Geological Society in 
of the different varieties of aqueous 1879^0 He will also do well to 
rooks in the several petrographical consult the memoir on ‘ Oceanic 
works already referred to, the stu Deposits,’ forming one of the 
dent will find much valuable in volumes of the ‘Reports of tlie 
formation in the addresses of Mr Challenger Expedition ’ 


0 
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CHAPTER V 

STRUCTURES PRODUCED IN AQUEOU<^ ROCK MASSES DURING 
THEIR DEPOSITION 

Forms of stratification— Original hoiizontality of strata — False bedding 
or oblique lammation—Irregularitiea in the accumulation of strata— 
Thinning out and alteration in the characters of strata— Ripple marks, 
sun cracks, footprints, tracks, trails, burrows, and worm casts 

When v , e study a rock mass of aqueous origin, we find that it 
presents certain characters which must be the result of causes 
actmg while its materials were being accumulated, and other 
features w hieh^are as certainly the consequence of changes that 
have taken place in the rock long subsequently to its deposition 
It 18 the first mentioned class of characters which we propose 
to consider in the present chapter 

Forms of stratification —A senes of strata sometimes con 
sists of one of the varieties of rocks mentioned in the preceding 
chapter, sometimes of two or moie kinds m alternating beds 
Thus, for example, in the coal districts of England, we often 
pass through various beds of sandstone, some of finer, others of 
coarser gram, some white, others of a dark colour, and below 
these, alternating layers of shale and sandstone or beds of shale, 
divisible into leaf like lamime, and containing beautiful impres 
sions of plants Then again we meet with beds of pure and 
impure coal, also alternating with shales and sandstones, and 
underneath the whole, perhaps, are beds of limestone, filled 
with corals and marine shells, each bed distinguishable from 
the others by certain fossils, or by the abundance of particulai 
species of shells or zoophytes 

This alternation of different kinds of rock produces the most 
distinct stratification , and we often find beds of limestone and 
marl, conglomerate and sandstone, sand and clay, recurring 
again and again, m nearly regular sequence, throughout a series 
of many hundred strata The causes which produce these 
phenomena are various, and may be either changes m the 
nature and degree of fineness of the material deposited, or 
interruptions in the regular course of deposition, when the layer 
first formed may have had time to consolidate before the next 
layer was spread over it, thus causing an imperfect adhesion 
between successive strata of the same composition Rivers 
flowmg mto lakes and seas are found to be charged with sediment, 
varymg in quantity, composition, colour, and grain according 
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to the seasons , the waters are sometimes flooded and rapid, 
at other periods low and feeble Different tributaries, also, 
draining peculiar countnes and soils— and therefore chaifl^ed 
with peculiar sediment— are swollen at distinct periods , but all 
these different kmds of sediment will be deposited succes8i\ely 
over the same area The waves of the sea and currents also 
undermine the cliffs, durmg wintry storms, and sweep away the 
materials into the deep, after which a season of tranquillity 
succeeds, when nothing but the finest mud is spread by the 
movements of the ocean over the same submarine area 

It is not the object of the present work to give a description 
of these operations, repeated as they are year after year and 
century after century , but we may explain by way of illustration 
the manner m which some micaceous sandstones have origi 
nated, namely, those m which we see thin lajers of mica dividing 
layers of fine quartzose sand This arrangement of materials 
may be observed in recent mud deposited upon the shore near 
La Roche St Bernard m Brittany, at the mouth of the Loire 
The surrounding rocks are of gneiss, which, by its waste, 
supplies the mud , when this dries, it is found, at low water, to 
consist of brown laminated clay, divided by thin seams of mica 
The separation of the mica m this case, or m that of micaceous 
sandstones, may be illustrated in the following manner If we 
take a handful of quartzose sand, mixed with mica, and throw it 
into a clear ninnmg stream, we see the materials immediately 
sorted by the moving water, the grains of quartz falling almost 
directly to the bottom, while the plates of mica take a much longer 
time to sink through the water, and are carried farther down the 
stream At the first instant the water is turbid, but almost im 
mediately the flat surfaces of the plates of mica are seen all alone, 
reflecting a silvery light as they descend slowly, to form a distinct 
micaceous lamina Although the mica is the heavier mineral 
of the two, it remains a longer time suspended in the fluid, 
owing to its greater extent of surface It is easy, therefore, to 
perceive that where such mud is acted upon by a river or tidal 
current, the thin plates of mica will be carried farther, and not 
deposited m the same places as the grains of quart/ , and since 
the force and velocity of the stream varies from time to time, 
layers of mica or oi sand will be thrown down successively on 
the same area 

Original borlxontallty — It is said generally that the upper 
and under surfaces of strata, or the ‘planes of stratification,’ 
are parallel Although this is not strictly true, they make an 
approach to parallelism, for the same reason that sediment is 
usually deposited at first m nearly horizontal layers, whatever 

02 
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may be the state of the floor on which the deposit rests Yet 
if the sea should go down, as when there is very low tide, near 
the mouth of a large river where a delta has been formmg, we 
see extensive plains ot mud and sand laid dry, which, to the 
eye, appear perfectly level, although, in reality, they slope 
gently from the land towards the sea 

This tendency in newly formed strata to assume a horizontal 
position arises principally from the motion of the water, which 
forces particles of sand or mud over the bottom, and causes 
them to settle in hollows or depressions where they are less 
exposed to the force of a current than when they are resting 
on elevated points The velocity of the current and the motion 
of the superhcial waves dimmish from the surface downwards, 
and are least in those depressions where the water is deepest 
A good dlui^ration of the principle here alluded to may be 
sometimes seen in the neighbourhood of a volcano, when a sec 
tion, whether natural or artificial, 
has laid open to view a succession 
of various coloured layers of sand 
and ashes, which have fallen in 
showeis upon uneven ground 
Thus let A B (fig 4) be two iidges 
with an intervening valley These original inequalities of the 
surface have been gradually effaced by beds of sand and ashes, 
c, d, e, the surface at e being quite level Now, water m 
motion can exert this levelling power on similar materials more 
easily than air, for almost all stones lose in water more than 
a third of the weight which thej have in air, the specific grav it;y 
of rocks being in general as when compared with that of water, 
which IS taken as 1 But the buoyancy of sand or mud would 
be even greater in the sea, as the density of salt watci exceeds 
that of fresh 

Yet, howev er uniform and horizontal may be the surface of 
new deposits in geneial, there are still many disturbmg causes, 


i-ig 6 



Section of strata of sandstone, gnt, and conglomerate 


such as eddies m the water, and currents moving first in one 
and then m another direction, which frequently cause irregu 
larities We may sometimes follow a bed of limestone, shale, 


Fig 4 
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or sandstone for a distance of many hundred yards contmuously, 
but we generally find that, sooner or later, each individual stratum 
thms out, and allows the beds which were previously above*and 
below it to meet If the matenals are coarse, as in gnts and 
conglomerates, the same beds can rarely be traced many yards 
without varying in size, and often rapidly thinning out and 
coming to an end (see fig 5) 

False bedding or oblique lamination —There is also 
another phenomenon of frequent occurrence in stratified masses 
We find a series of larger strata, each of which is composed of a 
number of minor layers placed obhquely to the general planes 
of stratification To this diagonal arrangement the name of 
‘ false or cross bedding ’ or ‘ oblique lamination ’ has been given 
Thus m the annexed section (fig 6) we see many beds of loose 


Fig 6 



sand, yellow and brown, and some of the pnncipal planes of 
stratification are nearly honzontal But the greater part of 
the subordinate laminae do not conform to these planes, but 
have often a steep slope, the mchnation being sometimes to- 
wards opposite points of the compass When the sand is loose 
and mcoherent, as m the case here represented, the deviation 
from parallelism of the slanting laminae cannot possibly be 
accounted for by any rearrangement of the particles acquired 
durmg the consohdation of the rock In what manner, then, 
can such irregularities be due to onginal deposition ? We must 
suppose that at the bottom of shallow seas, as well as m the 
beds of rivers, the motions of waves, currents, and eddies often 
cause mud, sand, and gravel to be thrown down in heaps on par- 
ticular spots instead of bemg spread out uniformly over a wide 
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area Sometimes, when banks are thus formed, currents may 
cut passages through them, just as a riv cr forms its bed Suppose 
the^’bank A (fig 7) to be thus formed with a steep sloping side, 
and, the water bemg m a tranquil state, the layer of sediment 
iig 7 


R 



c 1) 


No 1 18 thrown down upon it, conforming nearly to its surface 
Afterwards the other layers, 2, d, 4, may be deposited m succes 
Sion, so that the bank B C D is formed If the current then 
increases m \ elocity, it may cut away the upper portion of this 
mass down to the dotted line e, and deposit the materials thus 
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iemo\ed farther on, so as to foim the layers 5, 6, 7, 8 We have 
now the bank B C D E (fig 8), of which the surface is almost 
level, and on which the nearly honzontal layers, 9, 10, 11, may 
then accumulate It w as shown in fig 6 that the diagonal layers 
of successiv e strata may sometimes have an opiiosite slope This 
IS well seen in some cliffs 

^ ^ , of loose sand on the 8uf 

folk coast A portion of 
one of these is represented 
in fig 9, where the layers, 
of which there are about 
SIX m the thickness of an 
inch, are composed of 

aii«w«.nMi™er«,dDnD«ci. qnartzose grams Thisar 
rangement may have been 
due to the altered direction of the tides and currents m the 
same place 

Xrrefalaritiei in tbe aoomnulation of strata. — The 

description above given of the slantmg position of the mmor 
layers constituting a single stratum is m certam cases apph 
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cable on a much grander scale to masses several hundred 
feet thick, and many miles m extent A fine example may be 
seen at the base of the Maritime Alps near Nice The irfbun 
tains here terminate abruptly in the sea, so that a depth of one 
hundred fathoms is often found within a stone’s throw of the 
beach, and sometimes a depth of 3,000 feet within half a mile 
But at certain points strata of sand, marl, or conglomerate in 
tervene between the shore and the mountains, as in the section 
(fig 10), where a vast succession of slanting beds of gravel and 
sand may be traced from the sea to Monte Calvo, a distance of 
no less than 9 miles in a straight line The dip of these beds is 
remarkably uniform, being always southwards or towards the 
Mediterranean, at an angle ot about 26° They are exposed to 
view m nearly vertical precipices, varying from 200 to 600 feet 
m height, which bomid the \.illey through which the river 


"MouteCilvo lie, 



Section fiom Monte Calvo to the sea by the valley of Magnan, near Nice 

A Dolomite and sandstone of Mesozoic age 
a b <! Beds of gravel and sand 

c Fine marl and sand of Ste Madeleine, with marine (Pliocene) shells 

Magnan flows Although, in a general view, the strata appear 
to be parallel and uniform, they are nevertheless found, when 
examined closely, to be wedge shaped, and to thin out when 
followed for a few hundred feet or yards, so that we may suppose 
them to have been thrown down ongmally upon the side of a 
steep bank where a river or alpine torrent discharged itself into 
a deep and tranquil sea, and formed a delta, which advanced 
gradually from the base of Monte Calvo to a distance of 9 miles 
from the original shore If subsequently this part of the Alps 
and bed of the sea were raised 700 feet, the delta would have 
emerged , a deep channel may then have been cut through it by 
the nver, and the coast may at the same time have acquired its 
present configuration 

It IS well known that the torrents and streams which now 
descend firom the alpine declivities to the shore brmg down 
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annually, when the snow melts, vast quantities of shingle and 
sand, and then, as they subside, fine mud, while m summer 
thfey are nearly or entirely dry, so that it may be safely as 
Burned that deposits like those of the valley of the Magnan, con- 
sisting of coarse gravel alternating with fine sediment, are still 
in progress at many points, as, for instance, at the mouth of 
the Var They must advance upon the Mediterranean m the 
forms of great shoals termmatmg m a steep talus , such being 
the original mode of accumulation of aU coarse materials con 
veyed into deep water, especially where they are composed in 
great part of pebbles, which cannot be transported to indefinite 
distances by currents of moderate velocity By inattention to 
facts and inferences of this kind, a \ery exaggerated estimate 
has sometimes been made of the supposed depth of the ancient 
ocean Ther^ can be no doubt, for example, that the strata a, 
fig 10, or those nearest to Monte Calvo, are older than those in 
dicated by h, and these again were formed before r, but the 
vertical depth of gravel and sand in any one place cannot be 
proved to amount even to 1,000 feet, it may possibly be 
greater, yet it probably never exceeds jt any point 8,000 or 
4,000 feet But were we to assume that aU the strata were 
once horizontal, and that their present dip or inclination was 
due to subsequent movements, we should then be forced to 
conclude that a sea several miles deep had been filled up with 
alternate layers of mud and pebbles thrown down one upon 
another 

In the fan taluses of the Himalaya, described by the late 
Mr Drew, we have examples on a grand scale of accumulations 
of conglomerates and similar rocks by streams descending from 
mountain chains , these form great delta like deposits with the 
strata, often showing considerable inclination where the moun 
tain streams debouch upon the plains 

Irreffularltie* In grlaolal formations —'When masses of 
ice or of frozen materials are included in a stratified mass, the 
gradual thawing of the ice and escape of the water may lead to 
great disturbance and even to crumpling of the strata, as shown 
m fig 11 Similar effects are produced when masses of rock salt 
or limestone are removed in solution, and even when beds of coal 
are Removed by mining operations, givmg rise to what are known 
to mmers as ‘ creeps ’ m the overlying and underlymg beds 
' Cases like this must be regarded as exceptional, however, 
and, as a general rule, strata are originally deposited m a 
horizontal position, and the disturbed and contorted appearances 
which they exhibit are to be referred to the movements to which 
they have been subjected, long subsequently to their deposition 
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TUnnlDir out and alteration of the oharaoters of 

strata. — When we study the stratified masses composing the 
earth’s crust, we find that, however uniform a bed may ap^ar 
to be at first sight, it is really of hmited extent, and tends to 
‘ thm out ’ and become lenticular m form In the case of coarse 
deposits like gravels and conglomerates, the wedgmg out of a 
stratum may be very conspicuous, and can be traced in such 
sections as are afforded by quarries and sea chffs In the case 
of such fine deposits as clays, and in materials of organic origin 
like limestones, the beds of rock may be of more persistent cha 
racter and wider extent, but m no case is a stratum of absolutely 
indefinite extension , if traced far enough, it will be found to 
either thin out or, by a gradual change of mineral characters, 
merge m some other stratum 


Fir II 


Gravel aud f — . 
sand b — ^ 


Contorted 

drift 





Section of contorted dnft overlfloR till seen on left bank of booth Fsk, near 
Cortachie, in 1840 Height of section from a tod, about 60 feet 
d represents a boulder clay with blocks of stone, showing little or no traces of 
stratification The beds c / j/ have locally undergone much disturbance, while the 
beds 6 and a have been laid down nearly horizontally 


After a bed has been deposited, a change in the direction or 
force of the currents may lead to its being partially washed 
away The eroded surface may then be covered up by another 
deposit This gives rise to the phenomenon known as contem 
poraneous erosion (see figs 7 and 8, p 88) 

When seen m section, the appearances called ‘ false bedding ’ 
and contemporaneous erosion present some resemblance to the 
phenomena to be hereafter described as * unconformabihty ’ 
and ‘ overlap ’ The first mentioned structures are, however, of 
a more or less local character, and, as we shall see m the sequel, 
very distmct from those important relations exhibited by rock 
masses over wide areas to which the name of ‘ unconformity ’ 
IS apphed 

There are many other phenomena presented by sediments 
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which have been accumulated under the mfluence of moving 
currents that are well worthy of attention 
t mpple marks, Ac.— The ripple marks, so common on the 
surface of sandstones of all ages (see fig 12), and which are so 
often seen on the sea shore at low tide, seem to origmate m the 
pushing along of sand grains over the sea bottom by the force of 
the current This ripple is not entirely confined to the beach 
between high and low watermark, but is also produced on 
sands which are constantly covered by water It has been 
shown, by experimenting with sand in troughs of water, that 
rippled surfaces, with varying height and breadth of furrows, 
can be produced by changing the direction and force of the 
current We sometimes find a surface of sandstone rock 
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Slab of ripple marked (New Red) sandstone, fiom Chc&lure 

crossed by two intersecting series of ripple marks, resulting 
from a change in the direction of the current Similar undulating 
ridges and furrows may also be sometimes seen on the surface 
of drift snow and blown sand 

Ripple marks are usually an indication of a sea beach, or of 
water from 6 to 10 feet deep, for the agitation caused by waves 
even during storms extends to no great depth To this rule, 
however, there are some exceptions, and recent ripple marks 
have been observed at a depth of 60 or 70 feet It has also 
been ascertained that currents or large bodies of w ater m mo 
tion may disturb mud and sand at a depth of 300 or even 450 
feet' Beach ripple, however, may usually be distinguished 
from current ripple by frequent changes m its direction In a 
) Daiwm’s Volcamc Islands, first edition, p 134 
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slab of sandstone, not more than an inch thick, the furrows or 
ridges of an ancient ripple may often be seen in several succes 
aive laminae to run towards different points of the compass • 
There are other appearances known as ‘ nil marks, ‘ wave 
marks,’ ‘ sun cracks,’ ‘ ram and hail prints,’ which, together with 
‘ worm casts, ‘ burrows,’ ‘ trails,’ and foot prints, are usually 
indicative of deposition in shallow water (See figs 531 533, 
pp 367,368) 


The student will do well to take 
every opportunity of studying for 
himself the appeal ances presented 
on a sandy or muddy shore The 
various phenomena exhibited me 
very fully discussed and their oii 


gin explained in the ‘Principles 
of Geology,’ and also in Part II of 
the late Profeshor J D Dana’s 
admirable Manual of Geology,’ 
foui th edition (1895) 


CHAPTER VI 

ARRANGEMENT 01 FOSSILS IN STRATA— MARINE, fRESHWATER, 
AND TERRESTRIAL DEPOSITS 

Slow deposition of stiata jnoved by fossils— Rocks formed of the remains 
of organisms — Diatomaceous deposits— Bog non oie and lake ores of 
Sweden— Importance of fossils as indicating the conditions under 
which strata were deposited— Deep sea deposits— Radiolanan deposits, 
chalk and other limestones— Distinction of freshwater from marine 
iormations— Genera of freshwater and land shells— Rules for recog 
insing mat me shells— Alternation of marine and freshwater deposits — 
Terrestrial deposits and their fossils — Origin of coal and other car 
boiiaceous rocks 

Having in the last chapter considered the forms of stratification 
so far as they are determined by the arrangement of inorganic 
matter, we may now turn our attention to the matter in which 
organic remains are distributed through stratified deposits We 
should often be unable to detect any signs of stratification or of 
successive deposition, if the remains of particular kinds of 
organisms did not occur here and there at certain depths m the 
mass At one level, for example, univalve shells of some one 
or more species predominate , at another, bivalve shells , and 
at a third, corals , while m some formations we find layers of 
vegetable matter, which have usually been dern ed from land 
plants, separating strata 

It may appear inconceivable to a beginner how mountains, 
several thousand feet thick, can have become full of organic 
remams from top to bottom , but the difficulty is removed when 
he reflects on the origm of stratification, as explained in the last 
chapter, and allows sufficient time for the accumulation of 



44 


CONDITIONS OF DEPOSITION 


[CH Y1 

sediment He must never lose sight of the fact that, durmg the 
process of deposition, each separate layer was once the upper 
most, and immediately in contact with the water in which 
aquatic animals lived Each stratum, in fadt, however far it 
may now lie beneath the surface, was once m the state of 
shingle, or loose sand or soft mud at the bottom of the sea, in 
which shellb and other bodies easily became enveloped The 
term ‘ fossil is applied by geologists to any mineralised frag- 
ment of an organism found in the earth’s crust, or to any 
indication found in the rocks of the existence, while they were 
being deposited, of any kind of living creatures Thus we speak 
not only of leaves, shells, bones, and teeth as fossils, but we 
apply the terra equally to the casts or impressions left by these 
bodies, and to burrows, tracks, trails, and footprints made by 
livmg crea^ires, on sedimentary rocks during their deposition 
Originally such organic remams were called ‘ extraneous fossils,’ 
but now the adjective is dropped, and the term fossils has 
become synonymous with ‘ organic remains ’ 

Fossils are of the greatest interest and value to the geologist, 
enabhng him to form a judgment as to the particular condi 
tions under which a stratum containing them must have been 
deposited 

Rate of deposition Indicated by fosillf — B> attending to 
the nature of these remains, we are often enabled to determine 
whether the deposition was slow or rapid, whether it took place 
in a deep or shallow sea, near the shoie or far Irom land, and 
whether the water was salt, brackish, or fresh Borne limestones 
consist almost exclusively of corals, and in many cases it is e\i 
dent that the present position of each fossil zoophyte has been 
determined by the manner m which it grew originally The 
axis of the coral, for example, if its natural growth is erect, still 
remains at right angles to the plane of stratihcation If the 
stratum be now horizontal, the round spherical heads of certain 
species continue uppermost, and their points of attachment are 
directed downwards This arrangement is sometimes repeated 
throughout a great succession of strata From what we know 
of the growth of similar zoophytes in modern reefs, we infer 
that the rate of increase was extremely slow, and some of the 
fossils must have tiounshed for years, like forest trees, before 
they attained so large a size During these ages, the water 
must have been clear and transparent, for such corals cannot 
live m turbid water 

In like manner, when we see thousands of full grown shells 
dispersed everywhere throughout a long series of strata, we 
cannot doubt that time was required for the multiplication of 
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successive generations , and the evidence of slow accumulation 
18 rendered more sinking from the proofs, so often discovered, 
of fossil bodies having lain for a time on the floor of the ocean 
after death, before they were embedded in sediment Nothing, 
for example, is more common than to see fossil oysters in ola> , 
with serpulae, or barnacles (acorn shells), or corals, and other 
creatures attached to the inside of the ^alve8, so that the 
mollusk was certainly not buried m argillaceous mud the 
moment it died There must have been an interval during 
which it was still surrounded with clear water, when the crea 
tures whose remains now 
adhere to it grew from an 
embryonic to a mature 
state Attached shells 
which are merely external, 
like some of the serpulse 
(a) in fig 13, may often 
have grown upon an oyster 
or other shell while the 
animal within was jtill 
living, but if they are 
found on the inside, it 
could only happen after 
the death of the inhabitant 
of the shell which affords 
the support Thus, in fig 
18 it will be seen that two 
serpulse have grown on the 
interior, one of them o\ 
actly on the place where 
the adductor muscle of the 
Gryphcea (a kind of oyster) 
was fixed 

Snmfifnflflil oliolla ^‘’®*** <3''VPAa’a (imt sl/e) covered both on the 

oOme tOSSll snelis, even out^de end luflidt wltli fossil serpulas 

if Simply attached to the 

outside of others, bear full testimony to the conclusion abo\e 
alluded to, namely, that an interval elapsed between the death of 
the creature to whose shell they adhere and the burial of the same 
in mud or sand The sea urchins, or Echini, so abundant m white 
chalk, afford a good illustration of this remark It is well known 
that these animals, when living, are mvanably covered with spines 
supported by rows of tubercles These last are only seen after 
the death of the sea iirchm, when the spines have dropped off 
In fig 15 a hvmg specimen of Spaimgus, common on our coast, 

18 represented with one half of its shell stripped of the spmes 
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In fig 14 a fossil of the genus Micraster found in the white 
chalk of England shows the naked surface which the individuals 
of ^his species exhibited when denuded of their spines The 
full grown Serpula, therefore, which now adheres externall 3 % 


liK 14 



jpula attaclied to 
a fossil ificra^ter, 
nat , frofli the chalk 


Pig 16 



Recent Spatanqus, } nat , with tlie 
spines removed from one side 
6 Spine and tubercles, nat si/e 
a The same magnified 


could not have begun to grow till the MicraaU i had died and 
the spines became detached 

Now the series of events here attested by a single fossil may 
be carried a step farther Thus, for example, we often meet 
with a sea urchin {Ananchjtea or EcUinocorys) in the chalk, 
(see fig 16), which has the lower valve ot a Crania, a genus of 
BracJaopoda, fixed to it The upper valve (6, fig 16) is almost 
invariably wanting, though occasionally found in a perfect state 
Fig IG preservation in the chalk at some dis 

tance In this case, we see clearly that the 
^ sea urchin first lived from youth to age, then 

died and lost its spines, which were carried 
M away Then the >oung Crania adhered to 

the bared shell, grew and perished m its 
turn , after which the upper valve was sepa 
a Annur/ivif^ (tdu ^®ted from the lower before the 

tmonn), from the became enveloped in chalky mud The rate 
valve’ accumulation of the chalk must, therefore, 

attached, j nat have been excessively slow 

detaoh^ed It may be well to mention one more illus 

tration of the manner m which single fossils 
may sometimes throw light on a former state of things, both 
m the bed of the ocean and on some adjoining land We 
meet with many fragments of wood bored by ship worms, at 
various depths in the clay on which London is built Entire 
branches and stems of trees, several feet in length, are some 
times found drilled all over by the holes of these borers, the 
tubes and shells of the raollusk still remaining m the cylindn 
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cal hollows In fig 18, a representation is given of a piece 
of recent wood pierced by the Teredo navahs, L , or common 
ship worm, which destroys wooden piles and ships WHbn 
the cylindrical tube d has been extracted from the wood, the 
V alves are seen at the larger or anterior extremity, as shown at 
c In like manner, a piece of fossil wood {a, fig 17) has been 
perforated by a kmdied but distinct genus, the Teredina of 
Lamarck The calcareous tube of this mollusk was united and 
as it were soldered on to the valves of the shell (6), which 
therefore cannot be detached from the tube, like the valves of 
the recent Teredo The wood m this fossil specimen is now 
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1 o»siI ami lepcnt wood drilled bj jioiforatin^ Mollusc a 
Fig 17 a Fossil wood from London clay bored by /f/erfma J nat si/e 

b Shell and tube oi Tet Hltna pei i,omio T ini sp , the ri^ht hand figure 
the Tcntral, the left the dorsal view 
Fig 18 e Recent wood bored by Teteiio J nat sire 

d Shell and tube of Teredo navalit, L , from the '■nme 
c Anterior and posterior vie v of the valves of ‘^ame detached from 
tlie tube nat m/i 

converted into a stony mass, but it must once have been 
buoyant and floating in the sea, when the Teredince lived upon 
and perforated it Again, before the infant colony settled upon 
the ^ift wood, part of a tree must have been floated down to 
the sea by a river, uprooted, perhaps, by a flood, or tom off and 
cast into the waves by the wmd, and thus our thoughts are 
carried back to a prior period, when the tree grew for years on 
dry land, enjoying a fit soil and climate 

The present rate of accumulation of deep sea sediment is 
exceedingly slow, as is proved by the growths of coral that occur 
on electnc cables The corals grow at great depths very much 
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more quickly than the accumulation of the foraminiferal ooze 
But rapid accumulation of gome sediments must have taken 
plaae formerly, for tree stems standing erect are found m strata 
of coal, sand, and grit which gathered around them 

Mlnuteneas of some of the organisms which bnlld np 
great rook-masses —It has been already remarked that there 
are rocks in the interior of continents, at various depths in the 
earth, and at great heights above the sea, almost entirely made 
up of the remains of zoophytes and mollusca Such masses may 
be compared to modern coral leefs and ojster beds, and, as m 
their case, the rate of increase must have been extremely gradual 
But there are certain deposits m the earth’s crust, now pro\ ed to 
have been derived from plants and animals of which the organic 
origin was not at one time suspected, even by naturalists 
Great sujpri^e was created half a century ago by the discover y 
of Professor Ehrenberg, of Berlin, that a kind of siliceous 
material, called tripoli, was entirely composed of millions of 
the remains of organic beings, which were formerly refeired 
to microscopic Infusoria, but which are now known to be plants 
They abound in riwilets, lakes, and ponds in England and other 
countries, and are termed Diatomaceee The substance alluded 
to has long been well known m the arts, under the name of 
Infusorial Earth or Mountain Meal, and is used in the form of 
powder for polishmg stone and metal It has been procured, 
among other places, from Bilin, in Bohemia, in which place a 
single stratum, extendmg over a wide area, is no less than 14 feet 
thick This stone, when examined under high powers of the micro 
scope, is found to consist of the siliceous tests of the Diatoraaceee 
figured on the next page, united together without any visible 
cement It is difficult to convey an idea of their extreme minute 
ness , but Ehrenberg estimates that m the Bilin tripoli theie are 
41,000 millions of individuals of the Gallionella distans, Ehb , 
(see fig 20) in every cubic inch (which weighs about 220 grams), 
or about 187 millions in a single gram At every stroke, there 
fore, that we make with this pohshmg powder, several millions, 
perhaps tens of millions, of perfect fossils are crushed to atoms 
A well known substance, called bog iron ore, often met with 
in peat mosses, has been shown by Ehrenberg to consist of m 
numerable articulated threads, of a yellow ochre colour, com 
posed of silica, argillaceous matter, and peroxide of iron These 
threads are the remains of a minute microscopic plant, called 
Didymohehx ferruginea, Ehb sp (fig 19), associated with the 
sihceous remains of other freshwater algse Layers of this iron 
ore occurrmg in Scotch peat bogs are often called ‘ the pan * , 
similar beds of iron ore which have been formed of vegetable 
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organisms are found at the bottom of certain lakes Sweden, 
and occur between the basalts of Antrim, and these are of con 
siderable economical value • 

It IS clear that much tune must have been required for the 
accumulation of strata to which countless generations of Diato 
inaceae and similar microscopic algaj have contributed their 
remains , and these discoveries lead us naturally to suspect that 
other deposits, ol which the materials have been supposed 
to be inorganic, may m reality be composed chiefly of micro 
scopic organic bodies That this is the case with the white 
chalk has often been imagined, and is now proved to be 
the fact It has, moreover, been lately discovered that the 
chambers into which these Forammilera are divided are actually 
often hlled with thousands of well preserved organic bodies 
(see figs ‘27, ‘28), which abound m every minute grain of chalk. 
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and are especially apparent in the white coating of flints, often 
accompanied by innumerable needle shaped spicula, of sponges 

The dust wo tiead upon was once alive B ikon 

How faint an idea does this exclamation of the poet com ey 
of the real wonders of nature ’ for here we discover proofs that 
the calcareous and siliceous dust of which whole hills are com 
posed has not only been once alive, but almost every particle— 
albeit invisible to the naked eye— still retains the organic struc 
ture which, at periods of tune incalculably remote, was impressed 
upon it by the powers of life 

Importance of foisils as Indlcatlnir ttae conditions 
under whlcb strata were deposited — It is a well known 
fact that peculiar forms of mollusca, corals, crustaceans, &c , 
are confined to certam depths m the ocean, some oharac 
tense shallow water between tide marks, others are found 
m moderately deep water, and others, again, only in the 
very deepest parts of the ocean If, then, we find m a par 
ticular stratum an assemblage of organisms which we recog 
nise as always occurrmg at a given depth of water m our 
existing seas, we may fairly conclude that the stratum containing 



50 


GLOBIGEEINA OOZE AND CHALK [ch vi 


the assemblage of fossils must have been deposited in a similar 
depth of water Caution, of course, is required in applying this 
reasoning — seeing that in most cases the organisms found as 
fossils in rock masses are not identical but only closely related to 
those tound in the sea at the present tune 

Deep-sea deposits — Besides the shells, corals, fish, &c , 
that have long been known as characterising the littoral, shallow 

Fi, 2’ li„ J 




ill, 22 —Olobigtriin ooze fiom tin North Atlantic Ocean, ilreilgal liom a 
tlepth of ],9'10 fathoms ( x 7ui The mass is, m cn to be made up of tin < d 
careous slitlls of Olobigeruia and other lor uuinifern entire or broken, uitli 
fragments of larger organismb and numerous minute calcarooub paiticles, 
which art sliowii much more liighlv niagnificd in fig', 27 uid 28 
Ilf, 23 — Washings from the whit(* chalk ot Kentciho x 70>, bhowiug biiiii 
hr organisms to tho'C found in tin Olobigunm ooze 
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lig 2i~(ocioyi)i(‘n found floating on the octin auiluc— a \ti\ iiiinute 
organibm (( alcureoub ulgi ■') x 1 OlK) 

ligs 26, 2b— 1 wo foiius of LhaMotphern Similar minute organism from 
the ocean burfatc, x 1,1)00 (.The!,c three figures aie taken from the ‘Clul 
lengir Reports ) 

Fig 27— Isolated Couoliths, which build up Louotphfies and art found both 
in the CTlobigeriim ooze and the tbalk (see figs 22 .iiid 23) x 1,000 
Fig 28 —Isolated which build up and arefouud 
both in the Globigcrina ooze and the chalk (sec fig-, 22 and 23), x l,0OO 


water, and deep water parts of the ocean, we have now become 
acquainted— by the explorations carried on by the ‘ Challenger ’ 
and other survejmg vessels— with organisms that h\e in the 
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abysmal recesses of the ocean, at depths down to nearly 6,000 
fathoms It is mterestmg to note that among the stratified 
rocks Me fand many examples of materials made up of Hhe 
remains of organisms lilce those found in the deeper parts of the 
ocean 

In the chalk we have an example of a rock almost entirely 
made up of the calcareous shells of Forammifera (Globigerina, 
Ac ) witli niiiiieious small bodies, Coccoliths and Rhabdoliths, 
supposed to be the remams of calcareous alg® (see figs 22-28) 

In the Barbadoes Earth, we have an ooze made up of the 
siliceous skeletons of Radiolarians precisely similar to the 
mateiial dredged up from great depths in the Pacific and Indian 
Oceans (see figs 29-30) 
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Fir 30 —The Barbidoes Farth a slliccouh rock of Tertiary age, almost entirely 
made up of similar organiMiis (Uadiolanaiis) x 70 


In the white earth ot Richmond, Virginia, we have a material 
almost identical with the white diatomaceous ooze of the Ant 
arctic Ocean, which is made up ot the siliceous frustules of 
microscopical algte (see fig 31) Similar freshwater algie are 
found building up white siliceous deposits at the bottom ot lakes 
in this and other countries (see fig 32) 

At the greatest depths, a reddish or chocolate coloured clay 
of great fineness— often containing the teeth and bones of marine 
animals, and cunous nodules composed of iron and manganese 
oxides — 18 found covermg the ocean floors 

Fresbwater deposits and tbelr fossils — Strata, whether 
deposited in salt or fresh water, have the same forms , but the 
embedded fossils aie very diflerent in the two cases, because the 
aquatic animals which frequent lakes and riv ers are, as a rule, 
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distinct from those inhabiting the sea In the northern part of 
the Isle of Wight formations of marl and limestone, more than 
5(f feet thick, occur, in which the shells are of extinct species 
Yet we recognise their freshwater origm, because they are of 
the same genera as those now abounding in ponds, lakes, and 
rivers, either in our own country or in warmer latitudes 

In many paits of France, as m Auvergne, there occur 
strata of limestone, marl, and sandstone hundreds of feet thick, 
which contain exclusively freshwater end land shells, together 
with the remains of terrestrial quadrupeds The number of 
land shells scattered through some of these freshwater deposits 
18 exceedingly great , and there are districts in Germany where 
the rocks contain scarcely any other fossils than snail shells, 
i'ifc 31 Fi^ 32 




Fig 81 —Mirinc forms of Uintnmce<t (unicellular algc? with siliceous skele 
tons) found at tht bottom of the Antarctic Ocean (Diatoniaceous ooze), and 
m certain siliceous rock'a like the lertiary White liarth of Richmond, Vir 
glina ( X 25U) 

Iig 32 —Freshwater terms of Diatomacea, found in rivers and lakes and also 
making up siliceous rocks known as mountain meal,’ ‘ Kieselguhr, tripoli,’ 

Ac See also figs 20 and 21 

{Helix ) , as, for instance, the limestone on the left bank of the 
Ehine, between Mayence and Worms, at Oppenheim, Fmdheim, 
Budenheim, and other places In order to account for this 
phenomenon, the geologist has only to examine the small deltas 
of torrents which enter the Swiss lakes when the waters are low, 
such as the newly formed plain where the Kander enters the 
Lake of Thun He there sees sand and mud strewn over with 
innumerable dea^ land shells, which have been brought down 
from the valleys m the Alps in the preceding sprmg, during the 
melting of the snows Again, if we search the sands on the 
borders of the Rhine, in the lower part of its course, we find 
countless land shells mixed with others of species belongmg to 
lakes, stagnant pools, and marshes These organisms have 
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been washed away from the alluvial plains of the great ri\er 
and its tributaries, some from mountainous regions, others from 
the low country • 

Although freshwater formations are often of great thicknes'i, 
yet they are usually very limited m area when compared with 
marine deposits, just as lakes and estuaries are of small dinien 
sions in comparison with seas 
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Cycla^ (SpfKenum) conieui Sow Cyicna {Coibuula) fluimnahs 

living and fossil, nat si/e MUIl fossil, Grays Esses and 

living in tlie Nile, nnt sl 2 e 

The absence of many fossil forms usually met with in marine 
strata affords a useful negative indication of the freshwater 
origin of a formation^ For example, there are no sea urchins, 
no corals, no chambered shells, such as the nautilus, nor micro 
scopic forammifera in lacustrine or fiuviatile deposits In dis 
tinguishmg the latter from formations accumulated in the sea, 
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Anodonta Cordien, Anodonta lattmarqtmta, Inio litloraU»,lAvci 
D Orb Pans \ I ea recent Bahia, A recent Auvergne, J 


we are chiefly guided by the forms of the moUusca In a fresh 
water deposit, the number of individual shells is often as great 
as m a marine stratum, if not greater , but there is a smaller 
vanety of species and genera This might be anticipated from 
the fact that the genera and species of recent freshwater and 
land shells are few when contrasted with the marme 

Only a very small number of genera of bivalie shells inhabit 
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fresh water Among these last, the four most common forms, 
both recent and fossil, are Cyclas (SphcBrium), Cyrena, Umo, 
and Anodonta (see figures 33-37) 
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Fig 39 



Orvphcea tnnirva Sow (0 «rciw/rt,L9m) Phvwthi’i fivomphahif Sow fossil 
upper vahe Lias, nat sire Mamie Me of Wight, g 



Lamarck divided the bivahe mollusca into the Dimyana, or 
those hating two large muscular impressions in each \alve, as 


Fig 42 lit, 43 Pig 14 Fig 45 



Sueeinea amphibta, Ancylus veJlelia (A I ahatn piscina Phymhypno- 
Drao (S putris L ) elegans), Sow fossil Its, Miill , fos rum, L. re 

fossil Loess, Bhine, Isle of Wight sil Grays, cent Isle of 

nst. size Essex Wight, nat 


a b in the Cyclas, fig 88, and Umo, fig 87, and the Afonowiyanu 
such as the oyster and scallop, in which there is only one of 
these impressions, as seen in fig 88 Now, as none of these 
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last, or the unimuscular bivalves, are freshwater,' we may at 
once presume a deposit containing any of them to be marine ” 


Tig 46 Pig 47 Fig 48 Fig 40 



J a? KP/Zfl, recent funaliim l‘h»w lolmmru Afftanoputbucnnoijea, 

Ava, } Mant fo'^sil Jsk Uc^h , fossil terr recent Asia, 
of Wight nat <5i/c Pans basin, ^ nit size 

The univalve shells most characteristic of freshwater deposits 
are PlanorhSf Limncea, and Paludina {Vmpara) But to 
these are occasionally added Physa, Succinea, Anc7jlu8, Valvata^ 


Fig 50 
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\fntina (jlohulu^, Dcf lei tfa granuloma, Desh 

Paris ba«in, nat size Pans basin, ^ 

Melanop8i<!, Melania, Potainides, and Nenhna 
(see figs 30-49), the last four being usually found 
m estuaries 

Some naturalists include Nenhna (fig 47) and 
the marine Nenta (fig 51) in the same genus, it 
being scarcely possible to distinguish the two by 
good generic characters But, as a general rule, 
the fluviatile species are smallei, smoother, and 
more globular than the marine, and they haie 
never, like the Nenta, the inner margin of the 




PofatnUkf 
cinUiit So\i 
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outer lip toothed or crenulated (Compare figs 50 and 51 ) 


1 Tlio freshwater Mulleria, which 
when young has two muscular im 
pressions, has only one in the adult 
state, thus forming a single excep 
tion to the rule 

* It must be remembered, how 
eier, that marine shells are oc 
CMionally found living in brackish 


water, and sometimes in water that 
IS nearly fresh Thus oysters and 
cockles are sometimes found in 
water with but little salt , in these 
cases, however, the dwarfed and 
imperfectly developed character of 
the shells indicates the abnormal 
conditions under which they lived 
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The Potamides inhabit the mouths of nvers m warm lati 
tudes, and are distinguishable from the marine Cerithia by their 
orbicular and multispiral opercula The genus Auricula (fig 46) 
IS both marine and freshwater, frequenting swamps and marshes 
within the influence of the tide 

The terrestrial shells are all univalves The most important 
genera among these, both m a recent and fossil state, are Hehx 
(fig 68), Oyclostoma (fig 54), Pupa (fig 65), Clauatlia (fig 56), 
Buhmus (fig 67), Qlandvna^ and Achatina 


Fig 83 
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/Mir turonetiiis, Desli 
Fftluns, Touminc, nnt 
size 


f udoitoma Pupa 
etegaus^ /riihtn, 

MUll Drap 

Loess, I otss 

tiat size nat sue 


Cluu^iha Buhmmluhnuty 
htdent- MUll Loess 

Drap Uhim 

J oess, 
lilt sue 



Fig 68 


Ampullana (fig 58) is another genus of shells, inhabiting 
rivers and ponds in hot countries Many fossil species for- 
merly referred to this genus, and which have been met with 
chiefly m marine formations, are now considered by concholo 
gists to belong to Natiea and other marine genera 

All univalve shells of land and freshwater species, witli the 
exception of Melanopsis (fig 49), and Achatina^ which show a 
slight indentation, ha\o entire mouths , and 
this circumstance may often serve as a con 
venient rule for distinguishing fieshwater from 
marine strata , since if an-^ univalves occur of 
which tlip mouths are not entire, we may 
presume that the formation is manne The 
aperture is said to be entire in such shells as 
the Ampullana (fig 58) and the land 

shells (figs 53-67), when its outline is not inter 
rupted by an indentation or notch, such as 
that seen at h in Ancillaria (fig 60) , or is not 
prolonged into a canal, as that seen at a m Pleurotoma (fig 69) 
The mouths of a large proportion of the marine univalves 
have these notches or canals, and almost all the species are 
carmvorous , whereas nearly all gastropoda havmg entire mouths 
are plant eaters, whether the species be marme, freshwater, or 
terrestrial 



AmpuUana glavrn, 
from the Jumna, J 
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There is, however, a genus which affords an occasional 
exception to one of the above rules The Potamides (fig 62 ), 
a subgenus of Cerithium, although provided with a short cafiaJ, 
comprises some species which inhabit salt, others brackish, and 
others fresh water, and they are said to be all plant eaters 
Among the fossils very common m freshwater deposits are the 
shells of Gypria, a minute bivalve crustaceous animal Many 
minute living species of this genus swarm in lakes and stagnant 
pools in Great Britain , but their shells are not, if considered 
separately, conclusive as to the freshwater origin of a deposit, 
because the majority of species in anothei kindred genus of the 
same order, the Cytherina of Lamarck, inhabit salt water , and, 
although the animal differs slightly, the shell is scarcely dis 
tinguishable from that of the Cypns 
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Pleurotoina fiorlOt Brand Fppor inallaria nibiilata, Sow 

and Middle Locene Barton and Barton claj Focene, 

Bracklesham, nat nzc iiat size 

Freabwater fossil plants— The seed-vessels and stems of 
Chara, a genus of calcareous plants, are very frequent in fresh 
water strata The seed vessels were called, before their true 
nature was known, gyrogomtes, and, like many similar fragments 
of calcareous algae, were supposed to be forammiferous shells 
(See fig 61 , a ) 

The Charce inhabit the bottom of lakes and ponds, and 
flourish mostly where the water is charged with calcium car 
bonate 

Their seed vessels are covered with a very tough integument, 
containing calcium carbonate, to which circumstance we may 
attribute their abundance m a fossil state The annexed figure 
(fig 62 ) represents a branch of one of many new species found 
by Professor Amici m the lakes of Northern Italy The 
stem's, as well as the seed vessels, of these plants occur both 
m modem shell marl and m ancient freshwater formations 
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They are generally composed of a large central tube surrounded 
by smaller ones, the whole stem being divided at certain inter 
\a?8 by transverse partitions or joints (See 6, fig 61 ) 

It is not uncommon to meet with layers of vegetable matter, 
impressions of leaves, and branches of trees, in strata contain 
ing freshwater shells , and we also find occasionally the teeth 
and bones of land quadrupeds, of species now unknown The 
manner in which such remams are sometimes carried by rivers 
into lakes, especially during floods, has been fully treated of in 
the ‘ Principles of Geology ’ 

Fresbwater and marine il«h —The remams of fish are oc 
casionally useful m determining the freshwater origin of strata 
Certain genera, siicli as Cyprinm (carp), Pcica (peich), Esox 
(pike), Cohitin (loach), md Lebiaa, aie peculiai to fiesh water 
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Charamihcam>da, Brong fo*;sil C/iaia , rocent Italr 

Upper Eocene, Isle of Wight 

fi Se'wile seeil vesiel between tlie divisions 
a Seed vessel magnified of the leaves of the female plant 

20 diameters b Magnified transverse section of a brancli 

b Stem magnified with live seed vessels, seen from below 

upwaids 

Other geneia contain some freshwater and some marine species, 
as Coitus, Mugil, and Anguilla (eel) The rest are either 
common to rners and the sea, as the salmon, or are e\ 
clusively characteristic of salt water The above observations 
respecting fossil fishes are applicable only to the modern or 
tertiary deposits, for in the more ancient rocks the forms 
depart so widely from those of existing fishes that it is very 
difficult, at least in the present state of science, to derive any 
positive information from ichthyohtes respecting the nature of 
the water m which strata were deposited 

The alternation of marine and freshwater formations, both 
on a small and large scale, are facts well ascertamed m geology 
When It occurs on a small scale, it may have ansen from the 
successive occupation of certain spaces by river water and the 
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sea , for m the flood season the river forces back the ocean, and 
freshens it over a large area, depositing at the same time its 
sediment , after which the salt water again returns, and, *on 
resuming its former place, brings with it sand, mud, and marine 
shells 

There are also lagoons at the mouths of many rivers, as 
the Nile and Mississippi, which are di\ided by bars of sand 
from the sea, and which are filled with salt and fresh water by 
turns They often communicate exclusively with the river for 
months, years, or even centuries, and then, a breach being 
made in the bai of sand, thev are for long periods filled witli 
salt water 

The Lym Fjord m Jutland offers an excellent illustration of 
analogous changes, for, m the course of the last thousand 
years, the western extremity of this long frith, which is 
120 miles in length, including its windings, has been four 
times fresh and four times salt, a bar of sand between it and 
the ocean having been often formed and removed The last 
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Section of tlie cliflfs of tlie ‘^ionth Toggins near Mmwlie, Nova Sc otia 
c Sandstone used for grindstones <1 q Alteruationh of sandstone shale and 
coal containing upright trees e f Portion of tliff given on a larger scale 
in fig 04 / 4 foot coal mrin scam A f Shale with freshwater shells 

irruption of salt water happened in 1824, when the North Sea 
entered, killing all the freshwater shells, fish, and plants , and 
from that tune to the present, the seaweed Fucus vesiculosua, 
together with oysters and other marine mollusca, has succeeded 
the Cyclas, Livinea, Paludina, and CJia}a 

But changes like these in the Lym Fjord, and those before 
mentioned as occurring at the mouths of great rivers, will only 
account for some cases of marine deposits of partial extent 
and thickness resting on freshwater strata When we find, 
as m the south east of England, a great series of freshwater 
beds, 1,000 feet thick, resting upon marine foiTnations and 
again covered by other rocks, such as the cretaceous, also more 
than 1,000 feet thick, and of deep sea origin, we shall find it 
necessary to seek for a different explanation of ihe phenomena 
Terrestrial deposits and tbelr fossils — Although deposits 
formed on the land are rare, they are not quite unknown to 
geologists Beds of peat, lignite, and coal consist of the remams 
of land plants which m many cases can be shown to have grown 
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in the spot where they are now found In some cases the 
trunks of trees are still found attached to their roots and rising 
through the strata above them as shown m the diagrams of the 
South Joggms Coal field of Nova Scotia (See figs 68, 64 ) 
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Frect fossil trees o, r, rf,/, q Coal measures, Nova Scotia 
(after Sir I W Dawson) 

In some cases, great numbers of trunks of trees have thus 
been found m connection with the masses of vegetable matter 
forming a bed of coal Thus m South Staffordshire a seam of 


Fig 65 



coal was laid bare in the year 1844, m what is called an open 
work at Parkfield Colhery, near Wolverhampton In the space 
of about a quarter of an acre the stumps of no less than seventy 
three trees with their roots attached appeared, as shown m the 
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annexed plan (fig 65), some of them more than 8 feet m oir 
cumference The trunks, broken off close to the root, were 
lymg prostrate m every direction, often crossing each otifer 
One of them measured 16, another 30 feet m length, and others 
less They were invariably flattened to the thickness of one or 
two inches, and converted into coal Their roots formed part 
of a stratum of coal 10 inches thick, which rested on a layer of 
clay 2 mches thick, below which was a second forest, resting on 
a 2 foot seam of coal Again, five feet below tins, was a third 
forest with large stumps of Lepidodendra^ CaJamites, and other 
trees In one instance it was found possible to determine the 
direction of the prevailing wmd, at the time when the trees were 
growing, from the bending of all the trunks in one direction 


Pig 66 

A r 





A ‘ Bftter Bed Coal, from a portion unusually full of Macrospores, which 
are here shown m transverse section 

B Same coal, section parallel with bedding showing Macrospores e and 
Microspores,/ the latter (which are here represented somewhat too 
large) appear as bright rings enclosing a dark spot 
( Australian White Coal ’ showing Macrospores in transverse section 
D External view of Mnerospores separated from the White Coal ’ 

All these figures are enlarged about 16 diameters 

The dirt beds of the Isle of Portland (see figs 846, 348, 
p 291) offer examples of similar terrestrial deposits 

While many beds of coal consist of the compressed stems, 
leaves, and other parts of plants, some particular bands are 
almost entirely made up of their spores or organs of fhictifica 
tion Professor Huxley has ascertained that in the Better Bed 
coal of Lowmoor, near Bradford (see a, b, fig 66), the spores (ma 
crospores and microspores) of the great plants of the Carboiii 
ferous age constitute a very large portion of the rock, and this 
18 also the case with the recent ‘ White Coal ’ of Australia (see 
c, D, fig 66) 
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It must be remembered, however, that these ‘ spore coals ’ 
are somewhat exceptional, though all coals probably contain 
spores as well as other portions of the plants of which they are 
made up Some beds of coal, moreover (like the cannel coals), 
were certainly not formed of plants growing in s? tM, but must have 
consolidated from masses of black carbonaceous mud like those 
pioduced by the bursting of peat bogs Coal seams also alter 
nate with strata containing maiine, freshwater, or brackish 
water fossils, showing that, even when accumulated on land, this 
land was but little aboie the sea level— like the islands forming 
portions of deltas Strata accumulated under such conditions 
as these are spoken of as ‘ estuarine deposits ’ 

The student must bear m mind that while some seams of 
coal were certainly formed from plants undergoing decay upon 
the spot where they grew — as is indicated by the existence of 
‘ imderclays ’ or old soils beneath them, containing the roots of 
plants— other beds of coal would seem to have been produced 
from masses of drifted vegetable matter that have accumulated 
111 hollows, have been covered up by other stiata, and have then 
slowly undergone chemical change 

The purit> of the coal itself, or the alSsence from it of earthy 
particles and sand, tliroughout areas of vast extent, is a fact 
which appears very difhcult to exjdam when v\ e attribute each 
coal-seam to a vegetation growing in swamps It has been 
asked how, during iiver inundations capable of sweeping aw ly 
the leaves of ferns and the stems and roots of Siqillance and 
othei trees, could the waters fail to transport some hue mud 
into the swamps '> One generation after another of tall tiecs 
grew with their roots in mud, and their leaves and prostrate 
trunks formed la\ers of vegetable matter, each of which was 
afterwards covered with mud since turned to shale Yet the 
coal itself, or altered vegetable matter, remained all the while 
uncontaminated by earthy particles The difhculty will bo 
lemoved if we consider what is now taking place m deltas 
The dense growth of reeds and herbage which encompasses 
the margins of forest covered swamps m the valley and delta 
of the Mississippi is such that the fluv latile waters, in passing 
through them, are filtered and made to clear themselves 
entirely before they leach the areas m which vegetable matter 
accumulates , and this accumulation may go on for centuries, 
forming coal if the climate be favourable There is little chance 
of the intermixture of earthy matter m such cases Thus m the 
large submerged tract called the ‘Sunk Country,’ near New 
Madrid, forming part of the western side of the valley of the 
Mississippi, elect trees have been standing ever since the jear 
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1811-12, killed by the great earthquake of that date , lacustrine 
and swamp plants have been growing there in the shallows, 
and several riveis have annually inundated the whole space, and 
yet ha\e been unable to carry in any sediment within the outer 
boundaries of the morass, so dense is the marginal belt of reeds 
and brushwood It niaj be aflirmed that, generally, in the 
‘ cypress swamps ’ ot the Mississippi no sediment mingles with 
the vegetable matter accumulated there from the decay of trees 
and semi aquatic plants As a singular proof of this fact, it may 
be mentioned that whenever any pait of a swamp in Louisiana 
is dried up, during an unusually hot season, and the wood is set 
on fire, pits are burnt into the ground many feet deep, or as far 
down as the fire can descend, without meeting with water, and 
it is then found that scarcely any residuum of earthy matter 
IS left At the bottom of all these ‘ cypress swamps ’ a bed of 
clay is found, with loots of the tall cypress {Taxodium di 
Htichum^ Rich ), just as the undcrclays of the coal are filled 
with Sttgvuina 

The separation from the caibonateous masses m the earth s 
crust of water, ammonia, carbon dioxide, and the various hydro 
carbons must be attended with a great diminution in the bulk of 
the mass Unger calculated that it would require a thickness 
of 8 76 feet of vegetable matter to make a bed of coal one 
foot 111 thickness 

With regard to the time taken for the growth of the niateri ils 
forming caiboiiaceous deposits, Ileer has estimated that the 
growth of one foot of peat requires about a century 

There is at Petiosene m Transylvania a bed of coal of 
tertiary age ninety feet in thickness If the aboie estimates be 
correct, the ninety feet of coal would represent 788 feet of vege 
table matter, the accumulation of which would require 78,800 
>ears » 

The factM of the ihstiibution of tarns a useful summarj of all the 

the forms of vegetable and animal facts which wtie ascertained by 

life in the ocean have been much the ‘Challenger’ and the deep sea 

more fully made known by the exploring expedition concerning the 

various deep sea exploring expedi disUibution of life forms at various 
tions The ‘ “ C hallenger ” Report depths in the otciui On the sub 

on Oceanic Deposits,’ by Dr John ject of the formation of coal, the 

Murray and Prof A Renard, con student will find much valuable 

tains much valuable infoiraation information m ‘Coal its History 

illustrating the origin of limestones and Uses,’ by Piofessors Green, 

and other marine deposits The Miall, Thorpe, Rucker, and Mar 

final volume of the Reports con- shall, 1878 
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CONSOLIDATION AND SUBSEQUENT ALTf RATIONS Of STRATA AND 
PETRIfACTION OF ORGANIC REMAINS 

Consolidation of stiata— Concietionaiy structures— J onited structuie— 
Mineralisation of oigamc remains— Formation of casts— Wonderful 
preservation of the internal structuies of fossil oiganisins— Pelrifac 
tions and inciustations — Pseudo fossils 

Having spoken in the preceding chaptois of the characters of 
sedimentary formations, both as dependent on the deposition 
of inorganic matter and the distribution of fossils, we may next 
treat of the consolidation of stratified rocks, and the petrifac 
tion Of etfibedded organic remains 

Consolidation of strata — In the case of some calcareous 
rocks, solidification takes place at the tune of deposition But 
there are many deposits m which a cementing piocess comes 
into operation long afterwards We may sometimes obsene, 
where the water of ferruginous m calcareous spiiiigs has flowed 
through a bed of sand or gravel, that iron or lime compounds 
ha\e been deposited in the interstices between the grains oi 
pebbles, so that in ceiLun jilaces tlie whole has been bound 
together into a stone, the same set of stiata leiii lining in other 
parts loose and incoherent 

Proofs of a similar cementing action aie seen in a lock at 
Kellaways in Wiltshire Apeculiai sandy stiatum, belonging to 
the Jurassic formation of geologists, may be traced through 
several counties, the sand being foi the most pirt loose and 
unconsolidated, but becoming stony near Kellaways In this 
district there are numerous fossil shells which have decomposed, 
having for the most part left only their casts Tlie calcareous 
matter hence derived has evidently served, at some former 
period, as a cement to the siliceous grains of sand, and thus a 
solid sandstone has been pioduced If we take fragments of 
many sandy or argillaceous rocks, retaining the casts of shells, 
and plimge them into dilute acid, we see the mass immediately 
breaks up into sand or mud, the cement of calcium carbonate, 
derived from the shells, having been dissolved by the acid 
Traces of impressions and casts are often extremely faint 
In some loose sands of recent date we meet with shells m so 
advanced a stage of decomposition as to crumble into powder 
when touched It is clear that water percolatmg such strata 
may soon remove the calcareous matter of the shell, and, unless 
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circtunstances canse the calcium carbonate to be agam deposited, 
the grains of sand will not be cemented together , m which case 
no memorial of the fossil will remain • 

It 18 evident that sihca and calcium carbonate are widely 
diffused in small quantities through the waters which permeate 
the earth’s crust, and thus a stony cement is often supplied 
to sand, pebbles, or any fragmentary mixture In some con 
glomerates, like the puddmg stone of Hertfordshire (a Lower 
Eocene deposit), pebbles of flint and grams of sand are united 
by a siliceous cement so firmly that, if a block be broken, the 
fracture passes as readilj through the pebbles as through the 
cement 

It IB probable that many strata become solid owing to the 
pressure of the superincumbent rocks under which they have 
been buried The consolidation of rocks is often largely due to 
the chemical action of the water and gases which penetrate 
the minutest pores of rocks, and the consequent deposition of 
calcium carbonate, iron carbonate or oxide, silica, and other 
minerals previously held m solution 

Most stones on beipg freshly qnariied are found to be soft 
and easily cut, but harden by exposure The marl recently 
deposited at the bottom ot Lake Superior, in North America, is 
soft and often filled with freshwater shells , but it a piece be 
taken up and dried, it becomes so hard that it can only be 
broken by a smart blow of the hammer If the lake, therefore, 
were drained, such a deposit would be found to consist of strata 
of marlstone, like that observed in many ancient European 
formations, and, like them, containing freshwater shells 

Concretionary struoture — It is probable that some of the 
heterogeneous materials which rivers transport to the sea may 
at once set under water, like the artificial mixture called pozzo 
lana, which consists of fine volcanic sand, to which a small 
quantity of lime has been added This substance hardens, and 
becomes a solid stone m water, and was used by the Romans 
in constructing the toundations of buildings m the sea Conso 
lidation,in such cases, is brought about by the chemical reaction 
which takes place between the silica and lime After deposi 
tion particles of similar chemical composition seem often to exert 
a mutual attraction for each other, and segregate in particular 
spots, formmg lumps, nodules, and concretions Thus, in many 
argillaceous deposits there are calcareous balls, or spherical con 
oretions, ranged in layers parallel to the general stratification , an 
arrangement which took place alter the shale or marl had been 
thrown down in successive laminae , but these laminae are often 
traceable through the concretions, remaining parallel to those of 
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the surrounding unconsolidated rock (see fig 67) Such nodules 
of argillaceous limestone have often a shell or other foreign 
lA)dy 111 the centre In some cases these nodules exhibit a 
series of ramifying cracks which are usually filled with calcite 
Nodules of this kind are called ‘ Septana ’ The calcareo argilla 
ceous nodules often contain much ferrous carbonate, and some 
times constitute valuable iron ores 

Among the most remarkable examples of concretionary struc 
ture are those described by Professor Sedgwick as abounding 
in the magnesian limestone of the north of England The 
spherical balls are of various sizes, fiom that of a pea to a dia 
meter of several feet, and they have both a concentric and 
radiated structure, while at the same time the laminse of origi 
nal deposition pass uninterruptedly through them In some 
cliffs this limestone resembles a great irregular pile of cannon 
balls f^ome of the globular masses have their centre m one 
stratum, while a portion of their exterior passes through to the 
stratum above or below Thus the larger spheroid in the an 
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Calcareous nodules in Las 
seen in section 

nexed section (fig 68) passes from the stratum h upwards into 
a In this instance we must suppose the deposition ot a series 
of minor layers, fiist forming the stratum b, and afterwards the 
incumbent stratum a , then a movement of the particles took 
place, and the calcium and magnesium carbonates separated 
from the more impure and mixed matter forming the still un 
consolidated parts of the stratum Crystallisation, beginning 
at the centre, must have gone on forming concentric coats 
around the original nucleus without interfering with the lami 
nated structure of the rock 

By similar processes of segregation and crystallisation in 
masses of mixed materials, the structiu-es known as ‘ cone in 
cone,’ ‘ beef,’ ‘ stylolites,’ &c , have evidently been formed The 
crystaUismg material in these cases is usually either calcium car 
bonate or ferrous carbonate, an (f the clay or otlier foreign matenals 
are caught up and included in the crystals In the I’ontamebleau 
sandstone we have a mixture of sand and calcium carbonate, 
and m the midst of the rock, groups of large and perfect crystals 



fig 68 



bjilitroiil il coiu letioiis in magut-sian 
limcstoiR 
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of calcite are formed, which are crowded with sand grains caught 
up by the growing crystals The curious structures known to 
geologists as ‘ botryoidal,’ ‘ mammillated,’ &c , are due to similar 
selective and crystalhsmg agencies operating m the midst of 
great rock masses 

The rocks of the earth’s crust have often been subjected to 
great pressure for long periods of time from the accumulation of 
thousands of feet ol rock above them Such pressures are 
capable of bringing about the coherence of finely divided 
materials like clay , this is illustrated by the process of making 
lead pencils by subjecting powdered graphite to pressure, and 
by the very suggestive experiments of M Spring, who has 
shown how many powdered materials may be converted into 
hard and coherent masses by the action of pressure alone 

Analogous effects of consolidation and condensation have 
arisen when the solid parts of the earth’s crust have been forced 
m various directions by those mechanical mov ements hereafter 
to be described, by which strata have been bent, broken, and 
raised above the level of the sea Eocks of more yielding 
materials must often lyive been forced against others previously 
consolidated, and may thus, by compression, have acepured a 
new structure Fmely laminated and cleaved structures m 
rocks are produced and intensified by the action of pressiue 

Jointed structure.— Joints are natural fissures which often 
traverse rooks m straight and well determined jdanes, more or 
Ichs at right angles to the planes of bedding or stratihcation It 
a sufticient number cross each other, the whole mass of rock is 
split into symmetrical blocks, and they aflord to the quarryman 
the greatest aid in the extiaction of blocks of stone The faces 
of the joints are for the most pait smoother and more regulai 
than the surfaces of true strata The joints aie straight cut 
fissures, sometimes slightly open, and often pass not only 
through layers of successive deposition, but also through balls 
of limestone or other matter, which have been formed by con 
cretionary action since the original accumulation of the strata, 
and in the case of conglomerates even through quart/ pebbles 
Such joints, therefore, must often have resulted from one of the 
last changes superinduced upon sedmientary deposits 

In the annexed diagram (fig 69), the fiat surfaces of rock, 

A, B, c, represent exposed faces of jomts, to which the walls of 
other jomts, j, j, are parallel s s are the lines of stratification , 

D D are lines of slaty cleavage, which intersect the rock at a 
considerable angle to the planes of stratification 

In the Swiss and Savoy Alps, as Mr Bakewell has remarked, 
enormous masses of limestone are cut through so regularly by 

f2 
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nearly vertical partings, and these joints are often so much more 
conspicuous than the planes of stratification, that an mexpe> 
rifenced observer will almost inevitably confound them, and 
suppose the strata to be perpendicular in places where in fact 
they are almost horizontal Jukes observed joints in recently 
formed coral rock m the Australian and other reefs Joints are 
due to contraction of strata during consolidation, and also to 
great movements which take place m the earth’s crust 

Joints in aqueous rock masses are supposed to be analogous 
to the partings which separate volcanic and plutonic rocks mto 
cuboidal and prismatic masses On a small scale we see clay and 
starch when dried split into similar shapes , this is often caused 
by simple contraction, whether the shrinking be due to the 
evaporation of watei, or to a change of temperature It is 
well ^nown that sandstones and other rocks expand by the 



Strati flcstlon, loints and clpavaKC 
(from MurchiBon s ‘feilurwui System,’ j> 245 ) 


apphcation of heat, and then contract again on cooling , and 
there can be no doubt that large portions of the earth’s crust 
have, in the course of past ages, been subjected again and again 
to very different degrees of heat and cold These alternations 
of temperature have probably contnbuted largely to the pro 
duction of joints in rocks 

In many countries where masses of basalt rest on sandstone 
or shale, the aqueous rock has for the distance of several feet 
from the point of junction assumed a columnar structure similar 
to that of the igneous mass In like manner some hearthstones, 
after exposure to the heat of a furnace without bemg melted, 
have separated mto prismatic blocks 

Mineralisation of orranic remains.— The changes which 
fossil organic bodies have undergone smce they were first em- 
bedded m rocks throw much light on the consobdation of 
strata. In some modern deposits, sheila and other orgamc 
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remains have been scarcely altered in the course of centuries, 
having simply lost a part of their animal matter Such slightly 
altered organisms are spoken of as sub fossil forms But in 
other cases the shell may have disappeared, and left an impression 
only of its exterior, and perhaps also a mould of its interior , 
in other cases again we find a reproduction of the shell itself in 
some new material taking the place of the original matter 
which has been removed These different forms of fossilisation 
may easily be understood if we examine the mud recently thrown 
out firom a pond or canal m which there are shells If the mud 
be argillaceous, it acquires consistency on diying, and on breakmg 
open a portion of it we find that each shell has left impressions 
of its external form If we then remove the shell itself, we find 
within a solid nucleus of clay, having the form of the interior of 
the shell This fonn is often very different from that of the 


fit 70 Fig 71 



(hemmtiui IJedtlingtonefiihiSow sp PUurotomaHa nngUca^’^O'ti , sp, 
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outer shell Thus a cast such as fig 70, commonly called a 
fossil screw, would nev er be suspected by any one but a concholo- 
gist to be the internal shape of the fossil univalve, 5, fig 70 
Nor should we have imagined at first sight that the shell a and 
the cast i, fig 71, belong to one and the same fossil The reader 
will observe in the last mentioned figure (b, fig 71), that an 
empty space shaded dark, which the shell itself once occupied, 
now intervenes between the enveloping stone and the cast of the 
smooth interior of the whorls In such cases the shell has been 
dissolved and the component particles removed by water per 
colating the rock If the nucleus were taken out, a hollow 
mould would remain, on which the external form of the shell 
with its tubercles and striae, as seen m fig 71, would be found 
smbossed Now, if the space alluded to between the nucleus 
md the impression, mstead of being left empty, has been filled 
up with calcareous spar, fimt, pyntes, or other mmeral, we then 
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obtain from the mould an exact reproduction both of the external 
and internal form of the origmal shell In this manner silicified 
casts of shells have been formed , and if the material of the 
nucleus happen to be incoherent, or soluble in acid, we can then 
procure in flint an empty shell, which in shape is the exact 
counterpart of the original This cast may be compaied to a 
bronze statue, representmg merely the superficial form, and not 
the internal organisation, but there is another description of 
petrifaction by no means uncommon, and of a much more 
wonderful kind, which may be compared to certain anatomical 
models in wax, where not onl> the outward forms and features, 
but the nerves, blood vessels, and other internal organs, are also 
shown Thus we find corals, originally calcareous, in which not 
only the general shape, but also the minute and complicated 
internal oirganisation, is retained m flint 

Such a process of fossihsation is still more remaikably ex 
hibited in fossil wood, in which we often perceive not only the 



rings of annual growth, but all the 
minute \e8sel8 and medullary rays 
Many of the mmjite cells and fibres of 
plants, and even those spnal vessels 
which in the living vegetable can only 
be discovered by the microscope, are 
preserved Among many instances of 
the kind may be mentioned a fossil tree, 
seventy two feet in length, found at 
Gosforth, near Newcastle, in sandstone 


magnified 55 bhoiving tex gtiata associated With coal By cutting 

tureofviood* ^ 

a transverse slice so thin as to transmit 


light, and magnifying it about fifty five times, the stnicture 
as seen in fig 72 is exhibited A texture equally minute and 
complicated has been observed in the wood of large trunks 
of fossil trees found in the Craigleith quarry, near Edinburgh, 
where the stone was not siliceous, but consisted chiefly of calcium 
carbonate The parallel rows of vessels here seen are the 
rings of annual growth, but in one part they are imperfectly 
preserved, the wood having probably decayed before the 
mineralising matter had penetrated to that portion of the 


tree 


In attempting to explain the process of fossihsation in such 
cases, we may first assume that strata are very generally per 
meated by water charged with minute portions of calcareous, 
siliceous, and other earths m solution In what manner they 


* Witham, ' Fossil Vegetables,’ 1881. Plate IV fig 1 
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become so impregnated will be afterwards considered. If an 
organic substance is exposed in the open air to the action of the 
sun and ram, it will in time decay, or be resolved into >ts 
component elements, consisting usually of oxygen, hydrogen, 
nitrogen, and carbon, which pass into the atmosphere as water, 
carbon dioxide, and ammonia But if the same substance 
be submerged in water, it will decompose more gradually , and 
if buried in earth, still more slowly , as in the familiar example 
of wooden piles or other buried timber Now, if as fast as each 
particle is set free by decomposition, a particle of calcium carbo 
nate, silica, or other mineral is at hand ready to be precipitated, 
we may imagine this inorganic matter to take the place just 
before left unoccupied by the organic molecule In this manner 
a cast of the interior of ceitain vessels may first be taken, and 
afterwards the more solid walls of the same may decay and 
suffer a like transmutation Yet when the whole is petrified, 
it may not form one homogeneous mass of stone Some of the 
original ligneous, osseous, or othei organic elements may remain 
mingled in certain parts, or the fossilising substance itself may 
be differently coloured at different times, or so crystallised as 
to reflect light differently, and thus the texture of the original 
body may be faithfully exhibited 

The student may perhaps ask whether, on chemical prmci* 
pies, we have any ground to expect that mineral matter will be 
thrown down precisely in those sjiots where organic decompo 
sition 18 in progress The following interesting experiments 
may ser\ e to illustrate this point Professor Goppert, of Breslau, 
with a view of imitating the natural process of fossilisation, 
steeped a number of animal and vegetable substances in waters, 
some holding siliceous, others calcareous, others metallic matter 
m solution He found that in the period of a few weeks, or 
sometimeb even days, the orgamc bodies thus immersed were 
mineralised to a certain extent Thus, for example, thm ver 
tical slices of deal, taken from the Scotch fir {Pinua sylveaina, L ), 
were immersed in a moderately strong solution of sulphate of 
iron When they had been thoroughly soaked m the hquid for 
several days, they were dned and exposed to a red heat until 
the vegetable matter was burnt up and nothmg remained but 
iron oxide, which was found to have taken the form of the 
deal so exactly that casts even of the dotted vessels peculiar 
to this family of plants were distinctly visible under the micro • 
scope 

The exact reproduction of the minute internal structures of 
organisms is doubtless facilitated by the extieme slowness with 
which the changes take place The molecules of the animal 
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and vegetable tissues are one by one broken up and removed 
in a gaseous state, and a particle of mineral matter takes 
itstplace The highest powers of our microscopes are far from 
reachmg the ultimate chemical molecules, and hence we are not 
surprised to find the individual cells and vessels of plants, and 
even the markings in these cells and vessels, exquisitely repro 
duced m mineral matter, and all the minute structures m 
corals, shells, and bones preserved with the same delicacy 
Even flowers and the wings of insects may sometimes be found 
exquisitely preserved in a fossil state 

The chief substances which replace vegetable and animal 
remains, and thus form fossils oi true petrifactions, are calcium 
carbonate (m the forms of the minerals calcite and aragonite), 
ferrous carbonate (which is often converted into various iron 
oxides more or less hydrated), iron disulphide (m the forms 
known as pyrites and marcasite), and silica (in the forms of opal, 
chalcedony, and quartz) But besides these four very common 
fossilising materials almost any mineral may be found replac 
ing the substance of an animal or vegetable organism, or occu 
pying the empty space left by its removal 

These true ‘ fossils ’ must not be confounded with the in 
crustations of organic bodies by calcium carbonate which are 
found m districts where calcareous springs abound, and which 
are often erroneously spoken of as ‘petrifactions ’ In Derbyshire, 
Auvergne, and other similar districts, leaves, twigs, birds’ nests, 
and even larger structures may be found coated over and pre 
served by a thin stalagmite like layer of calcium carbonate, which 
has been deposited from a so called ‘ petrifying spring ’ Indeed, 
such springs are sometimes employed for coating artificial sub 
stances, and producing casts or reproductions of objects of art 
We must also be on our guard against treating as fossils 
those accidental representations of natural objects which some 
times occur in rocks Thus in irregular flints and other con 
cretions a more or less fanciful resemblance to twigs or nuts, 
fingers or toes, and various other parts of plants and animals 
may sometimes be traced When there is no ground for believing 
that such resemblances are more than accidental, we speak of 
the object as a ' pseudo fossil ’ 

There are some pseudo fossils, however, which it is extremely 
difficult to distinguish from real fossils On exposed rock sur- 
faces we often find a curious ‘ mimic vegetation ’ (like the frost on 
a window pane), known as dendrites (figs 78-75), and these have 
often been taken for the remams of plants Similar structures 
are found enclosed within the so called ‘ moss agates * 

On the surface of slates at Wicklow, Ireland, peculiar mark- 
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mgs supposed to be the remains of plants, bryozoa or some other 
organisms, have been found, and have received the name of 
Oldhcmiaf two distinct species being recognised Professor 
SoUas has shown grounds, however, for believing that these 



Dendrites on surfaces of flint hatchets m tlie drift of St Arheul, near Amiens 
a Natural Blrc b Natural size <■ Magntfled li Natural size 
c Magnified 

markings are not really of organic origin, but may be 
‘ pseudo-fossils,’ formed by a peculiar wrinkling of the surfaces 
of a fine mud in drying There are many tracks and burrows 
formed by worms and other creatures living on muddy and 
sandy shores, that ha\§ been mistaken for fossil plants— as has 
been shown by Nathorst 

The most remarkable example of a pseudo fossil, however, is 
the famous ‘ Eozoon canadense,’ Daw , which was long regarded 



Oldhamia ? adiata, Forbes 
Wicklow, Ireland 


Oldhamxa antiqua, Forbes 
Wicklow, Ireland 


as the oldest known fossil This consists of layers of white calcite 
and of a green sihcate so remarkably mtergrown as to simulate 
in a very striking manner the internal structure of certain 
orgamsms (forammifera). Many very able naturalists have 
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been deceived by the curious resemblances of ‘ eozoon ’ to real 
organisms In the accompanying drawing the following struc 
tufes may be noted (1) The anangement of cells like those of 
forammiferal shells , (2) the rod like connecting processes re 
semblmg ‘ stolons , ’ (3) the curidus series of branching tubuli, 
like what is known in the ‘ intermediate skeleton ’ of those 
organisms , and (4) the apparently finely perforated shell sub- 
stance numraulme layer ’) can all be made out under the micro 
scope In spite of these striking resemblances, however, the 
most recent investigations of microscopists and mineralogists 


I ig 78 Fig 7^ 



Eozoon canadfinse,' Daw (after Carpenter) A psendo fossil Tlie structures sup 
posed to beor^nlc are indicated in tliesc two figures by Dr Carpenter, which 
give a diagrimraatic representation of what was thought to be foraniiniferal 
structure 

Fig 78 a Chambers of lower tier communicating at + and separated from ad- 
joining chamberi at 0 bv au intervening septum traversed ^)^ passages 
b Chambers of an upper tier c IV alls of the ehambi rs traversed by hue tubuli s 
Nummuliiie layer’) (These tubules pass with uniform parallelism from tlie 
Inner to the outer surf ice opening at regular distances from ewh other) 
d Intermediate skeleton, composed of homogeneous shell substance traversed bj 
stoloniferous passages (/) coniiectiiig the chambers of the two tiers e (anal 
system in intermediate skeleton, showiiig the arborescent sarcodic prolonga 
tions (Iig 79 shows these bodies in a decalcified state) / Stoloiiiferous 
passages 

Pig 79 Decalcified portion of natural rock, showing the supixised canal tyiUm and 
the sevei al layers Natural sue 


leave little room for doubt that the structures are all of inorganic 
origin and of an imitative character 

These and similar cases illustrate the necessity of great caution 
on the part of the geologist in discriminating between true fossils 
showing real organic structures and the curiously imitative 
structures which sometimes result from the action of segregative 
and crystallising forces actmg within rock masses 


The chemical processes involved 
m the consolidation of strata, in 
the formation of nodules, casts, &c , 
and in the petrifaction of organic 
remains, are described in Professor 
Haughton's ‘Manual of Geology,’ 
Lecture III ,and m Dana’s ‘ Manual 


of Geology,’ 4th edition, 1896 The 
mineralisation of plant remains 
has been very ably discussed by 
Professor Solms Laubach m the 
introductory chapter to his ‘ Fossil 
Botany ’ (English edition, 1891) 
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CHAPTEE VIII 

ELEVATION OF STRATA ABOVE THE SEA— HORIZONTAL AND 
INCLINED STRATIfICATION— FAULTING 

Why the position of marine strata, above the level of the sea, should be 
referred to the rising up of the land, not to the going down of the sea — 
Strata of deep sea and shallow water origin alternate— Also marine 
and freshwater beds and old land surfaces— Vertical, inclined, and 
folded strata — Anticlinal and synclinal curves — Dip and strike— Struc 
ture of the Jura — Various forms of outcrop — Synclinal strata forming 
ridges— Connection of fracture and flexure of rocks— Inverted strata— 
Faults described— Superflcial signs of the same obliterated by denuda 
tion— Great faults the result of repeated movements— Arrangement 
and direction of parallel folds of strata — Unconformability — Overlap 
—Dip slopes and escarpments— Outliers and inliers 

Xiand bag been raleed, not the sea lowered— It has been 
already stated that the aqueous rocks containing marine fossils 
extend over wide continental tracts, and are seen in mountain 
chains rising to great heights above the level of the sea Hence 
it follows, that what is now dry land was once under water 
But if we admit this conclusion, we must imagine, either 
that there has been a general lowering of the waters of the 
ocean, or that the solid rocks, once covered by water, have 
been raised up bodily out of the sea, and have thus become dry 
land The earlier geologists, hndmg themselves reduced to 
this alternative, embraced the former opinion, assuming that 
the ocean was originally universal, and had gradually sunk down 
to its actual level, so that the present islands and continents 
were left dry It seemed to them far easier to conceive that 
the water had gone down than that solid land had risen upwards 
into its present position It was, however, impossible to mvent 
any satisfactory hypothesis to explain the disappearance of so 
enormous a body ot water throughout the globe, it being neces 
sary to infer that the ocean had once stood at whatever height 
marme shells might be detected It moreover appeared clear, 
as the science of Geology advanced, that certain areas on the 
globe had been successively sea, land, estuary, and then sea agam, 
to finally become once more habitable land, and that they re> 
mamed m each of these states for considerable periods In order 
to account for such phenomena, without admitting any movement 
of the land itself, we are required to imagme several retreats 
and returns of the ocean , and even then our theory applies 
merely to cases where the marme strata composmg the dry 
laud are horizontal, leaving unexplained those more common 
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instances where strata are inclined, curved, or placed on their 
edges, and evidently not in the position in which they were first 
deposited 

Geologists, therefore, were at last compelled to have recourse 
to the doctrme that the solid land has been repeatedly mo\ed 
upwards or downwards, so as permanently to change its position 
relatively to the sea There are 8e\eral distinct grounds for pre 
ferring this conclusion First, it will account equally for the 
position of those elevated masses of marine origin in which the 
stratification leraams horizontal, and for those m which the 
strata are disturbed, broken, inclined, or vertical Secondly, it 
is consistent with human experience that land should rise 
gradually in some places and be depressed m others Such 
changes have actually occurred in our own days, and are now 
in progres.% having been accompanied in some cases by violent 
convulsions, while in others they have proceeded so insensibly 
as to have been ascertainable only by the most careful scientific 
observations, made at considerable intervals of time On the 
other hand, there is no evidence from human experience of a 
rising or lowering of the sea’s level in any region, and the ocean 
cannot be raised or depressed in one place without its level 
being changed all over the globe 

The vast bulk of the oceans as compared with that of the 
land rising above the sea level renders it improbable that great 
changes in the relative position of land and water can be due to 
changes in the sea level At the same time, it must be remem 
bered that minor alterations in the relations of land and sea may 
be due to local variations m the sea level , for it has been shown 
that the attraction of the land masses and other causes prevent 
the ocean level being that of a true sphere 

These preliminary remarks will prepare the reader to imder 
stand the great theoretical interest attached to all facts con 
nected with the position of strata, whether horizontal or m 
dined, curved or vertical 

Now the first and most simple appearance is where strata of 
marine origin occur above the level of the sea in horizontal 
position Such are the strata which we meet with m the south 
of Sicily, filled with shells for the most part of the same species 
as those now hving m the Mediterranean Some of these rocks 
nse to the height of more than 2,000 feet above the sea Other 
mountain masses might be mentioned, composed of horizontal 
strata of high antiquity, which contam fossil remains of animals 
wholly dissmnlar to any now known to exist. In the south 
of Sweden, for example, near Lake Wener, the beds of some of 
the oldest fossiliferous deposits, called. Silunan and Cambrian 
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by geologists, occur m as level a position as if they had recently 
formed part of the delta of a great nver, and been left dry on 
the retiring of the annual floods 

Instead of imagining that such fossihferous rocks were 
always at their present level, and that the sea was once high 
enough to cover them, we suppose them to have constituted the 
ancient bed of the ocean, and to have been afterwards uplifted 
to their present height This idea, however startling it may at 
first appear, is quite in accordance, as before stated, with the 
analogy of changes now going on in certain regions of the globe 
Thus in parts of Sweden, and the shores and islands of the 
Gulf of Bothnia, proofs have been obtained that the land is 
experiencing, and has experienced for centuries, a slow up 
heaving movement ‘ 

It appears, from the observations of Mr Darwin and 
others, that very extensive regions of the continent of South 
America have been undergoing slow and gradual upheaval, by 
which the level plains of Patagonia, covered with recent 
marine shells, and the Pampas of Buenos Ayres, have been 
raised above the levfl of the sea On the other hand, the 
gradual sinking of the west coast of Greenland, for the space 
of more than 000 miles from north to south, during the last four 
centuries, has been established by the observations of a Danish 
naturalist, Dr Pingel And while these proofs of continental 
elevation and subsidence, by slow and insensible movements, have 
been bi ought to light, the evidence has been daily strengthened 
of continued changes of level effected by violent convulsions in 
countries where earthquakes are frequent 

Mr Darwin has also inferred that, m those parts of the 
Pacific and Indian Oceans wheie circular coral islands (atolls) 
and barrier reefs abound, there is a slow and continued smkmg 
of the submarine mountains on which the masses of coral are 
based, while there are other areas where the land is on the rise, 
and where coral has been upheaved far above the sea level 
The long submerged river valleys known as fiords in Scandi 
navia and as firths m this country bear striking testimony to the 
fact that on many coasts subsidence has taken place These 
long winding valleys are quite different from any features that 
are produced by marine denudation , they have evidently been 
formed by the erosion of the streams which still occupy their 
higher and unsubmerged portions 

Along our coasts we find numerous submerged forests, only 
visible at low water, having the trunks of the trees erect and 


* See ‘ Principles of Geology,’ 1867, p 814 
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their roots attached to them and still spreading through the 
ancient soil as when they were living They occur in too many 
places, and sometimes at too great a depth, to be explained by 
a mere change in the level of the tides, although, as the coasts 
waste away and alter in shape, the height to which the tides nse 
and fall is always varying, and the level of high tide at any 
given point nia>, in the course of many ages, differ by several 
feet or even fathoms It is this fluctuation in the height of the 
tides, and the erosion and destruction of the sea coast by the 
waves, that makes it exceedingly difficult for us in a few cen 
tunes, or even perhaps in a few thousand years, to determine 
whether there is a change by subterranean movement m the 
relative level of sea and land 

We often behold, as on the coasts of Devonshire and Pern 
brokeshirOj facts which appear to lead to opposite conclusions 
In one place is a raised beach with marine littoral shells, and in 
another immediately adjoining may be a submerged forest 

Alternations of marine and freshwater strata — It has 
been shown in the sixth chapter that there is such a difference 
between land, freshwater, and marine fpssils as to enable the 
geologist to determine whether particular groups of strata weie 
formed at the bottom of the ocean or in estuaries, rivers, or 
lakes If surprise was at first created by the discovery of 
marine corals and shells at the height of se\eial miles above 
the sea level, the imagination was afterwards not less staitled 
by observing that in some successive strata composing the 
earth’s crust, with a thickness amounting to thousands of feet, 
were comprised formations of littoral as well as of deep sea 
oiigm, of beds of brackish or e\en of purely freshwater forma 
tion, and of others containing vegetable niattei or coal which 
accumulated on ancient land In these cases we as frequently 
find fieshwater beds below a marine series, or shallow water 
under those of deep sea origin, as the reverse Thus in boring 
an Artesian well in London, we pass through a marine clay (the 
London clay), and then reach, at the depth of several hundred 
feet, a shallow water and fluviatile sand (the Woolwich and 
Reading beds) beneath which comes the white chalk originally 
formed in a deep sea Or, if we bore vertically through the 
marine Lower Greensand of Surrey, we come upon a freshwater 
formation many hundreds of feet thick, called the Wealden, 
such as IS seen in Kent and Surrey, and this is known in its 
turn to rest on other purely marine beds In like manner, in 
various parts of Great Britain we sink \ertical shafts through 
lacustrme deposits of great thickness, and come upon coal, which 
was formed by the growth of plants on an ancient land surface. 
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Vertical, Inclined, and carved strata ~>It has been stated 
that marine strata of different ages are sometimes found at a 
considerable height above the sea, yet retaining their original 
horizontalit^ , but this state of things is quite exceptional. As 
a general rule, strata are mclined or bent in such a manner as 
to imply that their original position has been altered 

The most unequivocal evidence of such a change is afforded 
by their standing up vertically showing their edges, which is by 
no means a rare phenomenon, e8peciall;y m mountainous coun- 
tries Thus we find in Scotland, on the southern skirts of the 
Grampians, beds of conglomerate alternating with thin layers 
of fine sand, all placed vertically to the horizon When De 
Saussure first observed certain conglomerates in a similar 
position in the Swiss Alps, he remarked that the pebbles, being 
for the most part of an oval shape, had their longer axes parallel 
to the planes of stratification (see fig 80) From this he in 
ferred that such strata must, at fir'^t, ha\e been horizontal, 
each o\al pebble having settled 
at the bottom of the water, with 
its flatter side parallel to the 
horizon Some few, indeed, of 
the rounded stones in a con 
glomerate occasionally afford an 
exception to the above rule, for 
the same reason that in a river’s 

bed, or in a shingle beach, some „ , , , , . 

,,, , , Veitiul conglomerate and sandstone 

pebbles rest on their ends or 

edges, these having been shoved against or between other 
stones by a wave or current so as to assume this position 

Antlollnal and cyncllnal curves — Vertical strata, when 
they can be traced continuously upwards or downwards for some 
depth, are almost invariably seen to be parts of great curves, 
which may have a diameter of a few yards or of several miles 
We will first describe two curves of considerable regularity, which 
occur in Forfarshire, extendmg over a country twenty miles 
m breadth, from the foot of the Grampians to the sea near 
Arbroath (fig 81) 

The mass of strata exhibited may be 2,000 feet m thick 
ness, consisting of red and white sandstone and various coloured 
shales, the beds being distinguishable into four principal groups 
—namely No 1, red marl or shale , No 2, red sandstone, used 
for buildmg , No 3, conglomerate, and No 4, grey paving stone, 
and t^e stone with green and reddish shale, containing pecuhar 
organic remains A glance at the section will show that each of 
the formations 2, 3, 4 is repeated thnee at the surface, twKie 
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with a southerly, and onee with a northerly mohnation or dip , 
and the beds in No 1, which are nearly horizontal, are still 
brought up twice by a slight curva 

► I h ! f / ^ I surface, once on each 

56 * I ^ Beginning at the north 

§ “ ® west extremity, the tile stones and 

^ \ I conglomerates, No 4 and No 3, are 

\ \ ft vertical, and they generally form a 
U \ ^ parallel to the southern skirts 

\ S of the Grampians The superior 
^[w\\U 1 I strata, Nos 2 and 1, become less 
■< — I) I I and less mclined on descending to 

% Wn i I ^ valley of Strathmore, where the 

yJ if / ^ strata, having a concave bend, are 
I Y y J / I said by geologists to he in a 

^yJi / / ^ * trough ’ or ‘ basin ’ Through the 

I 2 centre of this \ alley runs an mia 

5 / I ginar} line A, called technically a 

^ y/ j ! "SI ‘synclinal axis,’ where the beds, 

I I / o which are tilted in opposite direc 

iJ / / is tions, may ‘be supposed to meet 

S /ml It 18 most important for the observer 

^ I wil^\ >^1 to mark the position of such axes, 

^ ^ /III ® 1 1 for he will perceive by the diagram 

S V/// a' S travelling from the north 

is ^1 Bo "S 111 centre of the basin, he is 

I 1^1 always passing from older to newer 

gas /111 §1 ^ beds, whereas, after crossing the 

1 1" I'S w' line A, and pursuing his course in 

> I the same southerly direction, he is 

A\\'\ ^ continually leaving the newer, and 

\\\v\ A advancing upon older strata All 

I W\ i deposits which he had before 

f " — "lu 1 « examined begin then to recur in 

' ^ y j reversed order, until he arrives at 

^ ^ \ J central axis of the Sidlaw hills, 

m \ o where the strata are seen to form 

** w \ \ saddle, havmg an anti 

j Wu \ i axis B in the centre On 

If ** fv \\\ \ ^ passing this axis, and continumg 

11 ^ UU I towards the S E , the formations 4, 

J| r (\\\ I d, and 2 are again repeated, in the 

same relative order of superposition, 
but with a southerly dip At Whiteness (see diagram) it Will be 
seen that the inclined strata are covered by a newer deposit, a, 
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m horizontal beds These are composed of red conglomerate 
and sand, and are newer than any of the groups, 1, 2, 8, 4, 
before described, and rest imeonfomiahly upon strata of the 
sandstone group No 2 

Strata which are bent into a vertical, or nearly vertical 
position, and afterwards resume their original honzontality, are 
said to exhibit a ‘ umclinal ' or ‘ monoclinal ’ fold A good 
example of such a monoclinal fold is exhibited by the beds 
of the Isle of Wight, and the same phenomenon is often 
presented on a much grander scale in the Western territories of 
the United States 

An example of curved strata, in which the bends or plica 
tions of the rock are sharper and far more numerous within an 
equal space, has been well described by Sir James Hall * It 
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occurs near St Abb’s Head, on the east coast of Scotland, where 
the rooks consist principally of a bluish slate, having frequently 
a ripple marked surface The undulations of the beds reach 
from the top to the bottom of chffs from 200 to 300 feet in height, 
and there are sixteen distinct bendings m the course of about 
six miles, the curvatures being alternatelv concave and convex 
upwards All these strata were once horizontal 

roldlnr by lateral movement —An experiment was made 
by Sir James Hall, with the object of illustrating the manner 
in which such strata, assuming them to have been originally 
horizontal, may have been forced into their present position A 
set of layers of clay were placed under a weight, and their 
opposite ends pressed towards each other with such force as to 
pause them to approach more nearly together On the removal 
* ‘ Edm Trans ’ vol vii pi 8 
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of the weight the layers of clay were found to be curved and 
folded, so as to bear a miniature resemblance to the strata in 
the cliffs of St Abb’s Head We must, however, bear in mind 
that in the natural section or sea cliff we only see the foldings 
imperfectly, one part being invisible beneath the sea, and the 
other, or upper portion, being supposed to have been carried 
away by denudation, or that action of water which will be ex 
plained in the next chapter The dark lines in the accom 
panying plan (fig 83) represent what is actually seen of the 
strata in the line of cliff alluded to , the fainter lines indicate 
that portion which is concealed beneath the sea level, as also 
that which is supposed to have once existed above the present 
level 

In some cases the flexures found m rocks form regular and 
sweeping curves, in other cases sharp angular foldings are 
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produced, and m other cases the axis plane of the fold becomes 
inclined, and o\ erfoldmg with inversion is the result 

We may still more easily illustrate the effects which a lateral 
thiust must produce on flexible strata, by placing several 
pieces of differently coloured cloths upon a table, and when 
they are spread out horizontally, covering them with a book , 
then applying other books to each end, and forcing them towards 
each other The foldmg of the cloths (see fig 84) will imitate 
those of the bent strata, the incumbent book being slightly 
lifted up, and no longer touchmg the two volumes on which 
it rested before, because it is supported by the tops of the 
anticlinal ridges formed by the curved cloths In like manner 
there can be no doubt that the squeezed strata, although late 
rally condensed and more closely packed, are yet elongated 
and made to rise upwards in a direction perpendicular to the 
pressure. 
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Whether the analogous flexures m stratified rocks have 
really been due to similar lateral movements is a question 
which we cannot decide by reference to oui own observation 
Our inability to explain the nature of the process is, perhaps, 
not simply owing to the inaccessibility of the subteiranean re 
gions where the mechanical force is exerted, but to the extreme 
slowness of the movement The changes may sometimes be 
due to variation in the temperature and chemical constitution 
of mountain masses of rock, causing them, while still solid, 
to expand or contract If such be the case, we have scarcely 
more reason to expect to witness the operation of the process 
within the limited periods of our scientific observation than to 
see the swelling of the roots of a tree, by which, m the course of 
years, a wall of solid masonry may be lifted up, rent, or thrown 
down In both instances the force may be irresistible, but though 
adequate, it need not be visible to us, proMded the time re 
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quired for its development be very great The lateral pressure 
arising from the unequal expansion of rocks by heat may cause 
one mass lying m the same horizontal plane gradually to occupy 
a larger space so as to press upon another rock, which, if flexible, 
may be squeezed into a bent and folded form It will also ap 
pear, when the volcanic and plutomc locks are described, that 
some of them, when melted m the interior of the earth’s crust, 
have been injected forcibly into fissures, and after the solidifi 
cation of such intruded matter, other sets of rents, crossing the 
first, have been formed and in their turn filled by melted rock 
Such repeated injections imply a stretching, and often upheaval, 
of the whole mass 

We also know, especially by the study of regions liable to 
earthquakes, that there are causes at work m the interior of the 
earth capable of producing a sinking in of the ground, some 
times very local, but often extending over a wide area The 
continuance of such a downward movement, especially if partial 
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and confined to linear areas, may produce regular folds in the 
strata 

But the cause of the great flexures and curvatures of strata 
that are such grand features in mountams, is the same as that 
which produces elevation and subsidence on the greatest scale, 
and is that which produced the continents and sea floors 
The force was directed tangentially to the earth’s surface, 
and lateral compression resulted , the original horizontal strata 
were forced into anticlmal and synclinal curves, and the 
breadth of area was diminished The force was the outcome 
of the energy of heat withm the globe As the internal heat 
was conducted to the surface through cooling rocks, to be 
radiated mto space, contraction occurred The contraction was 
unequal, because rocks contract at different rates in cooling 
These irregular contractions produced dragging down of the 
superficies, and a resolved force was produced, the direction of 
which w as tangential The phenomena of slaty cleavage, and 
some metaraorphisra, hereafter to be considered, are the proofs 
of the direction of the force and of its effects The positions 
assumed bj strata in mountain chains are also evidences of the 
same forces 

It is in mountain chains, indeed, that we find the most 
striking examples of the extreme results of lateral pressure upon 
stratified rock masses The complicated folds have their axes 
greatly inclined, and the middle limb is frequently dragged out 
or crushed, so that the told is converted into a fault, as was 
shown by H D Rogers Very exaggerated examples of such 
broken folds aie called by some authors thrusts, and examples 
of them have been described m the Appalachians, the Scottish 
Highlands, and the Alps This subject will be more fully con 
sidered m connection with the study of the metamorphic rocks 
Sip and strike —In describing the manner in which strata 
depart from their original horizontality, the technical terms 
such as ‘ dip ’ and ‘ strike ’ 
are used by geologists 
These we shall now pro 
ceed to explain If a 
stratum or bed of rock, 
instead of being quite level, 
be inclined to the honzon. 

It IS said to &ip , the point of the oompass to which it is mchned 
is called the direction of dn,p, and the degree of deviation from a 
horizontal plane is caU^ the amomt of dip, or the angle of dip 
Thus, in the annexed di^agram (fig 66), a senes of strata are m- 
Whited, fliQd they dip to the Wth at an angle of forty five 
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degrees The or hne of bearing, is the prolongation or 
extension of the strata m a direction at right angles to the dip 
Thus, in the above instance of strata dipping to the north, their 
strike must necessarily be east and west We ha-ve borrowed 
the word from the German geologists, streichen signifying to 
extend, to have a certain direction A stratum which is 
horizontal, or quite level m all directions, has neither dip nor 
strike 

It IS always important for the geologist, who is endeavouring 
to comprehend the structure of a country, to learn how the beds 
dip in every part of the district , but it requires some practice 
to avoid being occasionally deceived, both as to the direction of 
dip and the amount of it 

It the upper surface of a hard stony stratum be uncovered, 
whether artificially as in a quariy, or by the waves at the foot of 
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a cliff, it IS easy to determme towards what point of the compass 
the slope is steepest, oi m what direction water would flow, if 
poured upon it This is the true dip But the edges of highly 
mchned strata may give rise to perfectly horizontal lines m the 
face of a vertical cliff, if the observer see the strata m the line 
of their strike, the dip being mwards from thp face of the cliff 
If, however, we come to a break in the cliff, which exhibits a 
section exactly at right angles to the line of the strike, we are 
then able to ascertain the true dip In the drawing above 
(fig 86), we may suppose a headland, one side of which faces to 
the north, where the beds would appear perfectly horizontal to 
a person m the boat, while on the other side, facing the 
west, the true dip would be seen by the person on shore to 
be at an angle of 40® If, therefore, our observations are 
confined to a vertical precipice facing in one direction, we 
must endeavour to find a ledge or portion of the plane of one 


86 


MEASUEEMENT OF DIP AND STEIKE [ch vm 


of the beds projecting beyond the others, in order to ascertain 
the true dip 

The true dip is always at right angles to the strike, any 
inclination of strata measured on a plane which is not at right 
angles to the strike we call apparent dip Many of the in 
clinations of strata seen in sea cliffs, (jnarnes, &c , are evidently 
apparent and not true dips From one or more apparent dips, 
the relation of which to the strike is known, it is always possible 
to calculate the true dip of a bed Dips (apparent and true) are 
measured by means of instruments called clinometers, in which 
the vertical is given by a plumb line or the horizontal plane by 
a spirit level 

If not provided with a clinometer—a most useful instrument 
when it IS of consequence to determine the inclination of the 
stratawith precision— the observer may measure the angle within 
a few degrees, by standing exactly 
opposite to a cliff where the true 
dip is exhibited, holding the hands 
immediately before the eyes, and 
placing the, fingers of one in a 
perpendicular and of the other in 
a horizontal position, as m fig 87 
It IS thus easy to discover whether 
the lines of the inclined beds bisect 
the angle of 90°, formed by the 
meeting of the hands, so as to give 
an angle of 45°, or whether it would 
dn ide the space into two equal or 
unequal portions You have only to change hands to get the 
dip indicated by the lower dotted line on the upper side of the 
horizontal hand 

It has been already seen, p 80, m describing the curved 
strata on the east coast of Scotland, in Forfarshire and Berwick 
shire, that a series of concave and convex bendings are occa 
Bionally repeated* several times These usually form part of a 
series of parallel waves of strata, which are prolonged in the 
same direction, throughout a considerable extent of country 
Thus, for example, m the Swiss Jura, that lofty chain of moun 
tains has been proved to consist of many parallel ridges, with 
mtervenmg longitudinal valleys, as m fig 88, the ridges being 
formed by curved fossihferous strata, the nature and dip of 
which are occasionally displayed in deep transverse gorges, called 
‘ cluses,’ caused by firactures at right angles to the direction of 
the chain Now let us suppose these ridges and parallel 
Valleys to run north and south, we should then say that the 
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strike of the beds is north and south, and the dip east and west 
Lines drawn along the summits of the ridges A, B, would be 
anticlinal axes, and one following the bottom of the adjoining 
valleys a synclinal axis 

It frequently happens that while the inclination of a senes 
of strata is, on the whole, in one particular direction, we find 
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SecMon illubtratuig the structure of the Swiss Jura 


many irregularities in the amount of dip at certain points, and 
that occasionally the dip may be reversed The careful study 
of such stiata shows that, while having a general slope in one 
direction, the beds really he in a series of very flat folds The 
prevailing inclination of the beds we speak of as the general dip , 
mmor exhibitions of slope in the beds we call local dip 

Outcrop of strata —It will be observed that some of these 
ridges, A, B (flg 88), are imbroken on the summit, whereas one 
of them, C, has had its 

, 1 III. «') Fuf % 

Upper portion carried 
away by denudation, so 
that the ridges of the 
beds in the formations 
a, 6, e, come out to the 
day, or, as the miners 
say, crop out, on the sides 
of a valley The ground 
plan of such a denuded Ground pUm of the denuded ndge C, fig 88 

ridge as C, as given m a 

geological map, may be expressed by the diagram fig 89, and 
the cross section of the same by fig 90 The Ime B E, flg 89, 

18 the axis of the anticlmal, on each side of which the dip is m 
opposite directions, as expressed by the arrows The emergence 
of strata at the surface is called by miners their outcrop ox 
hasset. 

If, instead of being folded into parallel ndges, the beds form 
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a boss or dome shaped protuberance, and if we suppose the 
summit of the dome cut off by a horizontal plane, the ground 
plan would exhibit the edges of the strata formmg a succession 
of circles, or ellipses, round a common centre These circles 


Fig 91 



Slope of valley 40®, dip of strata 20® 


are the lines of strilte, and the dip being; always at right angles 
IS inclined in the course of the circuit to every point of the 
compass, constituting what is termed a quaiiuatersal dip— that 
18, turning every way 

There are endless ^ ariations in the figures described by the 
basset edges or outcrops of the strata, according to the different 
inclination of the beds, and the mode in which they happen to 
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Slope of valley 20®, dip of strata 60® 


have been denuded One of the simplest rules, with which every 
geologist should be acquainted, relates to the Y like form of the 
beds as they crop out in an ordmary valley. First, if the strata 
he horizontal, the Y like form will be also on a level, and the 
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newest strata will appear at the greatest heights on the sides of 
the valley 

Secondly, if the beds be molmed and intersected by a valley 
sloping in the same direction, and the dip of the beds be less 
steep than the slope of the valley, then the V’s, as they are 
often termed by the miners, will point upwards (see fig 91), those 
formed by the newer beds appearing in a superior position, and 
extending highest up the valley, as A is seen above B 

Thirdly, if the dip of the beds be steeper than the slope ot 
the valley, then the V’s will point downwards (see hg 92), and 
those formed of the older beds will now appear uppermost, as 
B appears above A 

Fourthly, m every case where the strata dip in a contrary 
direction to the slope of the valley, whatever be the angle of 
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Slope of valley 20°, dip of strata 20°, in opposite directioas 


inclination, the newer beds will appear the highest, as in the 
first and second cases This is shown by the drawing (fig 93), 
which exhibits strata rising at an angle of 20°, and crossed by a 
valley, which declines in an opposite direction at 20° 

These rules may often be of great practical utility , for the 
different degrees of dip occurrmg in the two cases represented 
in figs 91 and 92 may occasionally be encountered in following 
the same line of fiexure at points a few miles distant from each 
other A miner unacquainted with the rule, who had first 
explored the valley (fig 91), may have sunk a vertical shaft 
below the coal seam A, until he reached the inferior bed B 
He might then pass to the valley (fig 92), and discovenng there 
also the outcrop of two coal seams, might begin his workmgs m 
the uppermost m the expectation of commg down to the other 
bed A, which would be observed cropping out lower down the 
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valley But a glance at the section will demonstrate the futility 
of such hopes ^ 

BynoUnal strata forming ridges — Although m some cases 
an anticlinal axis forms a ridge, and a s;>nclmal axis a valley, as 
in A, B, fig 88, p 87, yet this can by no means be laid down as 
a general rule, as the beds very often slope inwards from either 
side of a mountain, as at a, 6, fig 94, while in the intervening 
valley c they slope upwards, forming an arch 


Fig 94 
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GpitS ^nd shales Mountain limestone Grits and shales 

hectiou of carboniferous rocks of Lancashire (L Hull ) 


At the western extremity of the Pyrenees, great curvatures 
of the strata are seen in the sea clifis, where the rocks consist of 
marl, grit, and chert At certain points, as at a, fig 96, some 
of the bendings of the flinty chert are so sharp that specimens 
might be broken off, well fitted to serve as ridge tiles on the 
roof of a house Although this chert could not have been 
brittle as now, when first folded into this shape, it presents, 
nevertheless, here and there at the points of greatest flexure 
small cracks, which show that it was solid, and not wholly in 
capable of breaking, at the period of its displacement The 
numerous rents alluded to are not empty, but filled with chalce 
deny and quartz 

tig 96 



strata of cliert, grit, and marl near St Jean de Luis 

It would be natural to expect the fracture of solid rocks to take 
place chiefiy where the bendmg of the strata has been sharpest , 
the entire absence, however, of such cracks at pomts where the 

3 Sir C Lyell was indebted to and handle the originals, turning 
the late T Sopwith, Esq , for the them about m different ways, he 
models which he had copied m would at once comprehend their 
the above diagrams, but the be meamng as well as the import of 
gmner may find it by no means others far more complicated, which 
easy to understand such copies, the same engineer has constructed 
although, if he were to exaimne to illustrate /auffa 
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strain must have been greatest, as at a, fig 95, is often very 
remarkable and not always easy of explanation We must 
imagine that many strata of hmestone, chert, and other rocks 
which are now brittle, were pliant when bent into their present 
position 

It must be remembered that large masses of matter behave 
very differently from small fragments when force is apphed to 
them Ice, sealing wax, and glass are brittle substances, but 
long rods of these substances are capable of being bent and 
twisted without breaking In many cases, too, such substances 
behave very differently when a foice is slowly applied and when 
it 18 suddenly brought into action, and when changes of tem- 
perature are taking place m a mass it ;yie]ds much more easily 
than when maintained at a uniform temperature The great 
rock masses of the earth’s crust aie of enormous dimensions, 
they have been subjected to extraordinary variations m tempe- 
rature, and the forces which have 
operated on them ha\e acted with 
extreme slowness 

Between Santa Caterma and 
Castrogiovanni, in Sicily, bent and ^ 
undulating gypseous marls occur, </ 
with here and there thin beds of 
solid gypsum mterstratified Some « 
times these solid layers have been ^ 
broken into detached fragments, 
still preserving their sharp edges fig 96), ^vhlle the con 
tinuity of the more pliable and ductile marls, m m, has not been 
interiupted 

We sometimes find that pebbles, fossils, and other objects 
included in bent and folded strata exhibit m their crushed and 
dislocated appearances clear evidence of the great pressure to 
which the rocks ha\e been subjected In some cases pebbles of 
hmestone, and even of quartzite, have been thrust against one 
another with such irresistible force as to cause mutual im 
pressions to be produced upon them , these are called impressed 
pebbles by geologists Slickensides are grooved or polished 
surfaces of rock produced by the grinding of one part of the 
rock against another during the movements which have taken 
place 

We have already explained (fig 94) that stratified rocks have 
their strata usually bent into parallel folds forming anticlinal 
and synclinal curves, a group of several of these folds having 
often been subjected to a common movement, and havmg ac- 
quired a uniform strike or direction In some disturbed regions 
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these folds have been doubled back upon themselves in such a 
manner that it is often difficult for an experienced geologist to 
determine the relative age of the beds correctly by superposition 
Thus, if we meet with the strata seen in the section, fig 97, we 
should naturally suppose that there were twelve distinct beds, 
or sets of beds. No 1, the uppermost, being the newest, and No 
12 the oldest of the series But this section may perhaps 
exhibit merely six beds, which 
have been folded in the manner 
seen in fig 98, so that each of 
them 18 repeated, the position ot 
one half being reversed, iftid part 
of No 1, originally the uppermost, having now become the 
lowest of the aeries The upper part of the curves seen in this 
diagram, fig 98, and expressed m fainter lines, has been 
removed by denudation 

The phenomena of foldmg, inversion, and reversal of strata 
are seen on a magnificent scale in certain regions in Switzer 
land, m precipices often more than 2,000 feet in perpendicular 
height, and there are flexures not inferior m dimensions in the 
Pyrenees 

Ordinary inversion of strata is well seen near Milford, and 
is explained in the diagram, fig 99 On passing from N to S the 

topmost strata, 8, are 
lower than 2 and 1 
The folding is on 
such a grand scale and 
has been so sharp in 
the Alps that old meta- 
morphic rocks, whose 
place is below the sedi 
mentary strata, have 
become included in the 
folds and exposed by 
denudation The old 
rocks then appear newer than some of the younger strata In 
the Mont Blanc range the lateral crush has been sufficient to 
cause the sedimentary strata to dip under the old crystallme 
schists, as will be explamed when treating of metamorphic rocks 
Fraotures of tbe strata and ftiults — When the force to 
which a rock mass has been subjected has resulted in the 
fracture and displacement of its two portions, we have the 
phenomenon known to geologists as a fault Numerous rents 
may often be seen m rocks which appear to have been simply 
broken, the fractured parts stUl remaining in contact , but we 
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often find a fissure, several inches or yards wide, intervening 
between the disunited portions These fissures are sometimes 
filled with fine earth and sand, or with angular fragments of 
stone, evidently derned from the crushing of the contiguous 
rocks 

The face of each wall of the fissure is often beautifully 
polished, as if glazed, striated, or scored with parallel furrows 
and ridges, such as would be produced by the continued rubbing 
together of surfaces of unequal hardness These are the polished 
surfaces already referred to as ‘ shckensides ’ It is supposed that 
the hnes of the strise indicate the direction in which the rocks 
were mo\ ed During one of the minor earthquakes m Chili, in 
1840, the brick walls of a building were rent vertically in several 
places, and made to vibrate for several minutes durmg each 
shock, after which they remained uninjured, and without any 
opening, although the line of each crack was still visible When 

Fife 
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Inverted beds near Milford Haven (After Green ) 
3 Top (Carboniferous limestone 
2 Carboniferous shale 
1 Bottom Old n.d sandstone 


all mo\ ement had ceased, there were seen on the floor of the 
house, at the bottom of each rent, small heaps of fine brick 
dust, evidently produced by trituration 

It IS not uncommon to find the mass of rock, on one side of 
a fissure, thrown up above or down below the mass with which 
it was once in contact on the other side This mode of dis 
placement is called a fault, shift, slip, or throw Plajfair, m 
describing a fault, remarks ‘ The miner is often perplexed, m 
his subterraneous journey, by a derangement m the strata, which 
changes at once all those lines and beanngs which had hitherto 
directed his course When his mme reaches a certain plane, 
which IS sometimes perpendicular, as m A B, fig 100, sometimes 
oblique to the horizon (as m C D, ibid ), he finds the beds of 
rock broken asunder, those on the one side of the plane having 
changed their place, by sliding in a particular direction along 
the face of the others In this motion they have sometimes 
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preserved their parallelism, as in fig 100, so that the strata on 
each side of the faults A B, C I), continue parallel to one 
another , in other cases, the strata on each side are inclined, as 
111 a, b,c, d (fig 103), though their identity is still to be recog 
nised by their possessing the same thickness and the same in- 
ternal cliaracteis 



Faults are sometimes vertical, as at A B, fig 100, but usually 
the> are inclined (C D) The inclination of a fault from the 
vertical is called its hade Ordinary faults are those in which 
the ‘ hade ’ is towai ds the downthrow side of t)ie fault (see fig 101) 
Reversed faults are those in winch the hade is m tlie opjiosite 
direction (see fig 102) In the case of an ordinary fault a pit may 
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Ordinary fault a 6 is the throw or amount Reversed fault 

of vertical displacement 

In both canes the bending near the fracture indicates the direction In which 
the dislwatcd iwrtiou must be sought for 

be sunk so as to avoid the faulted bed altogether , while in the 
case of a reversed fault a boring or pit may pass through the 
same bed twice As seen from these sketches, the strata on the 
upthrow side of a fault are often bent towards the downthrow, 
and the opposite is the case on the downthrow side Lateral 
displacement of strata occurs m relation to the departure of the 
fault from the vertical. Usually, the ends of strata close to a 
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fault are more or less bent those which have dropped down are 
bent up agamst the line of fault, and those which have been 
pushed up have their edges forced downwards (see figs 101, 102) 
In Coalbrook Dale, deposits of sandstone, shale, and coal, 
several thousand feet thick and occupying an area of many 
miles, have been shivered into fragments, and the broken rem 
nants have been placed in very discordant positions, often at 
levels differing several hundred feet from each other The sides 
of the faults, when perpendicular, are commonly several yards 
apart, and are sometimes as much as 50 yards asunder, the in- 
terval being filled with broken dthris of the strata (fault-rock). 
In folloVmgthe course of the same fault it is sometimes found to 
produce in different places very unequal changes of level, the 
amount of shift being m one place 300 and m another 700 feet , 
this may arise from the union of two or more faults In other 
cases, the disjointed strata may m certain districts have been 
subjected to renewed movements, which they have not suffered 
elsewheie 

1 1 „' 103 



E r, fault or fi3<?ure filial with oru«ihe<l material (fault rook) on each side of 
w Inch the shifted strata are not parallel 

We may occasionally see exact counterparts of these slips, on 
a small scale, in pits of loose sand and gravel, many of which 
have doubtless been caused by the dr>ing and shrinking of ar 
gillaceous and other beds, slight subsidences having taken place 
from failure of support Sometimes, however, even these small 
slips may have been produced by the subterranean movements 
which are occasionally accompanied by earthquakes , for land 
has been mov ed, and its level, relatively to the sea, considerably 
altered, since much of the alluvial sand and gravel now covering 
the surface of continents was deposited 

A remarkable mstance of the occurrence of the changes just 
alluded to, in modern times, was observed in New Zealand 
during the earthquake of January 1865 In the course of the 
subterranean disturbances a fracture m the strata was produced, 
extending for a distance of 90 miles On one side of this fissure, 
the land was elevated m places as much as 9 feet, so as to form 
an inland cliff of that height, but on the other side the strata 
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were unaffected At the same time, a large district in the North 
Island, in the neighbourhood of Wellington, was upraised, while 
on the opposite side of Cook’s Strait a subsidence of 6 feet took 
place, so that ships were obliged to go three miles higher up the 
river Wairau to obtain a supply of fresh water A still more 
remarkable example of movements of the nature of a fault 
being observed in connection with an earthquake was that which 
has been described by Dr B Koto as occurring in Japan in 1891 
In this case a great rent was produced which could be traced 
for more than 50 miles, and the surface of the ground was dis 
placed on opposite sides of the fracture, in some cases to the 
extent of 20 feet In the roads which traversed the dbuntry, 
moreover, lateral shifting could be seen to have taken place on 
opposite sides of the fissure, exactly like that which is rendered 
manifest when faulted beds are accurately mapped 
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Apparent alternations of strata ciiuseil bj veitical faults 


We have already stated (p 92) that a geologist must be on his 
guard, in a region of disturbed strata, against inferring repeated 
alternations of rocks, when, in fact, the same strata, once con 
tinuous, have been bent round so as to recur in the same section, 
and with the same dip A similar mistake has often been 
occasioned by a series of faults 

If, for example, the dark line A H (hg 104) represents the 
surface of a country on which the strata ab c frequently crop 
out, an observer, who is proceeding from H to A, might at first 
imagine that at every step he was approachmg new strata, 
whereas the repetition of the same beds has been caused by 
vertical faults, or downthrows Thus, suppose the original 
mass. A, B, C, D, to have been a set of uniformly inclined strata, 
and that the different masses under E F, F G, and G D, sank 
dovim successively, so as to leave vacant the spaces marked in 
the diagram by dotted lines, and to occupy those marked by 
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the continuous lines, then let denudation take place along the 
line A H, so that the protradmg masses indicated by the fainter 
lines are swept away— a miner who has not discovered the 
faults, finding the mass o, which we will suppose to be a bed of 
coal four times repeated, might hope to find four beds, workable 
to an indefinite depth, but first on arriving at the fault G he is 
stopped suddenly in his workings, for he comes partly upon the 
shale h, and partly on the sandstone c , the same result awaits 
him at the fault F, and on reaching E he is again stopped by a 
wall composed of the rock d 

The very different levels at which the separated parts of the 
same strata are found on the different sides of the fissure, in 
some faults, are truly astonishing One of the most celebrated 
faults in England is called the ‘ninety fathom dike,’ m the coal 
field of Newcastle This name has been given to it because the 
same beds are ninety fathoms (540 feet) lower on the northern 
than they are on the southern side The fissure has been filled 
by a body of sand, now coinerted into sandstone, which is 
sometimes \ery narrow, but in other places moie than twenty 
•\ards wide ^ The walls of the fissure are scored bv grooves, 
such as Mould have been produced if the biokcn ends of the 
rock had been rubbed along the plane of tlie fault ' In the 
Tynedale and Cra\en faults, in the north of England, the 
^ertlcal displacement, or ‘amount of thiow,’ as it is tech 
nicallv called, is still greater, and the fiacture has extended 
in a horizontal direction for a distance of thirty miles or more 
In the district of Morvern, on the shoies of the Sound of 
Mull, tertiary basalts are faulted against the gneiss of the 
district, the tinow of the fault being about 2,000 feet Sir 
Andrew Ramsay described a fault in North Wales as having a 
throw of 1‘2,500 feet, or nearly miles f Some faults run in 
the same direction as the dip of the strata, they produce a 
lateral shift of the beds Others are along the stiike {strike 
faults), and often blot out strata by not allowing them to reach 
the surface Step faults carry down a stratum, which may be 
near the surface, by a series of parallel dislocations, so that it 
becomes deeper and deeper, as it were, along a set of steps , 
while trough faults let down a portion of a stratum, which is 
brought back nearly to its normal position by dislocation m 
opposite durections (see fig 261, p 235} 

Oreat fonlts the result of repeated moTements. — It must 
not, however, be supposed that faults generally consist of single 
linear rents , there are usually a number of faults springing off 

* Conybeare and Phillips, Outlines, Ac p 376 

* Plullips, Geology, p 41 
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from the mam one, and sometimes a long strip of country seems 
broken up into fragments by sets of parallel and connectmg 
transverse faults Oftentimes a great line of fault has been 
repeated or the movements have been continued through sue 
cessive periods, so that, newer deposits having covered the old 
line of displacement, the strata both newer and older have given 
way along the old line of fracture 

Protruding masses of rock forming precipices or ridges along 
the lines of great faults may occur , but they have usually been 
removed by denudation This is well exemplified m nearly 
every coal field which has been extensively worked It is in 
such districts that the former relation of the beds which have 
been shifted is determinable with great accuracy Thus m the 
coal held of Ashby de la Zouch, m Leicestershire (see fig 105), 
a fault occurs, on one side of which the coal beds, ah c must 
once have risen to the height of 500 feet above the corresponding 
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Fanlt<i and denuded coal strata, Aslib} de la Zoueli (Maminatt ) 


beds on the other side But the uplifted strata do not stand 
up 500 feet above the general surface , on the contrary, the out 
line of the country, as expressed by the line z z, is uniformly 
undulating without any break, and the mass indicated by the 
dotted outline must have been denuded off and carried away 
In the Lancashire coal-field the vertical displacement has 
amounted to thousands of feet, and yet all the superficial in- 
equalities which must have resulted from such movements have 
been obliterated by subsequent denudation It appears that 
there are proofs of there having been two periods of vertical 
movement m one of the faults — one, for example, before, and 
another after the Triassic epoch 

An hypothesis which attributes such a change of position to 
a succession of movements is far preferable to any theory which 
assumes each fault to have been accomplished by a single up 
cast or downthrow of several thousand feet For we know that 
there are operations now in progress, at great depths m the 
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interior of the earth, by which both large and small tracts of 
ground are made to rise above and sink below their former 
level, some slowly and insensibly, others suddenly and by starts, 
a few feet or yards at a time , whereas there are no grounds for 
believing that, during the last 3,000 years at least, any regions 
have been either upheaved or depressed, at a single stroke, 
to the amount of several hundred, much less several thousand 
feet 

Faulting on a very grand scale accompanied mountain for 
mation, and appears to have occurred as the result of the 
action of the tangential thrust, or lateral force, which curved 
and upheaved the mass The most remarkable of the folds and 
faults seen in mountain chains are found affecting rock masses 
that have suffered metamorphism, and will be discussed in 
the division of this work which deals with the metamorphic 
rocks 

Conformable ana unconformable stratification — When 
strata rest one upon the other horizontally or with the same 
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Unconforunblc junction of old red sandstone and Silunan schist at the SIcarr 
Point, near St Abb s Hed, Benvickshirc 

dip, they are conformable But strata are said to be unconform- 
able when one series is so placed over another that the planes of 
the superior repose on the edges of the inferior (see fig 106) 
In this case it is evident that a period had elapsed between the 
production of the two sets of strata, and that, during this in 
terval, the older series had been tilted and disturbed After- 
wards the upper series accumulated, in horizontal strata, upon 
it If these superior beds, d d, fig 100, are also inclined, it is 
plain that the lower strata, a have been twice displaced — first, 
before the deposition of the newer beds, d </, and a second time 
when the same strata were upraised out of the sea, and thrown 
slightly out of the horizontal position 

It often happens that in the interval between the deposition 
of two sets of unconformable strata, the inferior rock has not 
only been denuded, but drilled by perforating shells Thus, 
for example, at Autreppe and Gusigny, near Mons, beds of an 
ancient (palaeozoic) hmestone, highly mchned, and often bent, 
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6>re covered with horizontal strata of greenish and whitish 
marls of the Cretaceous formation (fig 107) The lowest, and 
therefore the oldest, bed of the horizontal series is usually the 
sand and conglomerate, a, in which are rounded fragments of 
stone, from an inch to two feet m diameter These fragments 
have often adheimg shells attached to them, and have been 
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Junction of unconform i ik sti ita iitiii ’Wons in BtlKinm 


bored bj' perforating molliisca The solid surface of the inferior 
limestone has also been bored, so as to evhibit cylmdiical and 
pear shaped cavities, as at f, the work of saxicavous mollusca, 
and many rents, as at 6, which descend several feet or yards 
into the limestone, have been filled with sand and shells, simi ' 
lar to those in the stratum a 

Overlap of strata —Strata are said to o^ erlap when an 
upper bed extends he's ond the limits of a low er one Sediment 
spread over a region of subsidence has the area of deposit gra 
dually increased, and the newest formed strata will overlap the 
next below them if these be inclined and their edges denuded 
Thus, as shore lines ha\e subsided, shallow water marine 
deposits have crept over the land, and as subsidence has pro 
gressed, deep water deposits have been laid down upon these 
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a 6 c <7 f, Jurassic rocks 1 Wealden 2 Tower greensand 3 Gault 4 Upper 
greensand 6 Thnlk (From Jukes Brown, Phys. Geol p 388 ) 


last Unconformable oveilap (‘overstep’ of some authors) re 
suits when one set of strata rest upon others with a different 
angle of dip When imconformable overlap is noticed, lapse of 
time and alterations in the physical geography of the area are 
mferred to have taken place between the deposition of the last 
stratum of the lower formation and the first of the upper 
formation , and this is more obvious when erosion of a lower 
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stratum is seen to have taken place before the deposition of 


the upper 

It IS usually found that when two 
series of strata are unconformablo 
or overlap, and thus exhibit a phjsi 
cal break, their fossils differ con 
siderably This change in fossils 
18 termed a palffioiitological break, 
and it may be slight or very nearly 
absolute, as between the Chalk and 
the overlying Tertiaiies 

Sip-slopes and Escarpments 
The action of denudation, or the 
wearmg away of the surface of the 
land, will be fully discussed in the 
next chapter , but it will be neces 
sary to consider some of the effects 
of that action in this place in order 
to explain some of the appearances 
presented by the outcrop of strata 
When one stratum is harder 
than those above and below it, 
sloping surfaces detei mined by the 
dip of the strata are produced by 
denudation, and these are called 
(Up 8lo2)CH The steep slopes formed 
where such beds are worn away are 
tilled escarpments In fig 10 ‘f the 
upper Cretaceous strata are repre 
sented overlying all the older beds 
down to the Palaeozoic, but the 
parts mdicated by dotted lines have 
been removed by denudation 

The beds of chalk, o, exhibit a 
good example of a dip slope on the 
right and a steep escarpment to the 
left 

Outlleri and Inllera. — The 

same diagram illustrates the forma 
tion by denudation of those isolated 
patches of a stratum known to 
geologists as outhera Although 
the greater part of the beds mdi 
cated by the dotted hues have been 
swept away, portions still remain 
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lying beyond the escarpment formed by the mass of the Chalk 
and Upper Greensand Thus there have been formed a number 
of outliers of the Upper Greensand, and on the left of the section 
IS seen an outlier composed of both Upper Greensand and 
Chalk On a map these outliers are seen as isolated patches 
of a stratum surrounded by older beds Occasionally, when 
beds have been bent mto folds, denudation causes the exposure 
of portions of an older stratum in the midst of a newer one 
Such exposures were called by the older geologists ‘ outliers by 
protrusion,’ but the ofiicers of the English Geological Survey 
have introduced the use of the more convenient term inker for 
masses of strata showing these relations 


It 18 most important that the 
student should try to master the 
probleifl^of solid geometry involved 
in the bending and fracture of 
great stratified masses, and the 
superficial appearances produced 
by the subsequent planing away of 
their surfaces by denudation Great 
assistance will be obtained by the 
careful study of Professor Green's 


‘ Physical Geology,’ third tditioii, 
1882, chapter xi , and of Professor 
James Geikie’s ‘Outlines of Geo 
logy,’ second edition, 1888, chapter 
\v The names applied in different 
countiies to various kinds of flex 
ures and faults are explained m 
Heim and Margerie’s ‘ Les Disloca 
tions de I’ecorcc tcxrestie,’ 1888 


CHAPTER IX 

DENLDATION AND ITS EIFKCTS 

Denudation defined— Its amount more than equal to the entire mass of 
stratified deposits m the earth’s ciust— Subaenal denudation— Action 
of the wind — Action of running water— Alluvium defined— Different 
ages of alluvium— Denuding {lower of nvers affected by use or fall of 
land— Littoral denudation — Inland sea cliffs — Lscarpments — Sub 
marine denudation— Doggerbank — Newfoundland bank— Denuding 
power of the ocean during emergence of land 

Denudation, which has been occasionally referred to in the 
precedmg chapters, consists in the disintegration or breaking up of 
the earth’s surface and the removal of the products by water m 
motion— -whether of rivers or of the waves and currents of the sea 
—and by wind, and the consequent laying bare of some inferior 
rock This operation has exerted an influence on the structure 
of the earth’s crust as universal and important as sedimentary 
deposition itself, for denudation is the necessary antecedent of the 
production of all new strata of mechanical origm The forma 
tion of every new deposit by the transport of sediment and 
pebbles necessarily implies that there has been, somewhere else, 
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a grinding down of rock into rounded fragments, sand, or mud, 
equal in quantity to the new stratum All deposition, therefore 
— except m the case of a shower of volcanic ashes, the outflow 
of lava, and the growth of certain organic forniations—is the 
sign of former superficial waste, or of that going on contem 
poraneously, and to an equal amount, elsewhere The gam at 
one point is no luoio than sufhcient to balance the loss at some 
other 

Disintegration and transport - I'rom the preceding re 
marks it will be apparent that denudation results from the 
joint operation of two distinct agencies, which we may speak of 
as disintegration and transport By the action of ram and 
host the hardest and most solid rocks are broken up, and their 
surfaces coveied by debris or ‘rubble The accumulation of 
these masses of rubble would, m time, check the work of dis 
integration by protecting the surfaces of the solid rocks below 
them from the further action of ram or frost , but now the other 
agencies of transport come into play, and by the action of 
streams and sea-waves the loose masses of disintegrated material 
are swept away, fresh , surfaces of the rock being thus exposed 
to atmospheric waste The mateiials produced by disintegration, 
and carried to new localities by the various agents of transport, 
accumulate to foim new rocks, this constitutes deposition 
Denudation resulting from disintegration and transpoit, and 
deposition acting on materials supplied by denudation, are the 
two great processes constantly going on upon the earth as the 
result of the circulation of an and water over and through its 
solid crust 

When we see a stone building, we know that somewhere, far 
or near, a quarry has been opened The courses of stone m the 
building may be compared to successive strata, the quarry to a 
ravine or valley which has suffered denudation As the strata, 
like the courses of hewn stone, have been laid one upon another 
gradually, so the excavation both of the valley and quarry has 
been gradual 

But we occasionally find in a conglomerate large rounded 
pebbles of an older conglomerate, which had previously been 
derived from a variety of different rocks In such instances we 
are remmded that strata have been formed by the deposition of 
denuded materials worn from older strata, and have been curved 
and elevated into hills and mountams These in their turn have 
been worn down by the agents of denudation In such cases it 
18 evident that the same materials have been in very different 
conditions and positions over and over again during the 
mutations which have affected the surface of the globe. De* 
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nudation and re deposition have persisted ever since the earth’s 
crust has been covered by an atmosphere and has had its rivers 
and seas 

Denudation may be classed as subaerial and marine, accord 
mg as it takes place above or below the level of the sea , and the 
agents which produce it are the sun’s heat, frost, the atmosphere, 
ram, rivers, and the movements of the sea 

Subaerial denudation —The sun acts on rocks by heating 
them, and when the component minerals expand and contract 
unequally, disintegration is the result In tropical countries 
the hardest rocks, like granite, are broken up by this unequal 
expansion and contraction of the minerals which compose them 
In the day tune the rock surfaces become intensely heated, m 
the night they cool rapidl> by radiation , and in consequence of 
the great strains set up in the mass, flakes of rock are violently 
•torn off, the whole surface of the rock mass seeming to exfoliate 
Similar action may be seen t ikmg place on mountain peaks ex 
posed to equally great vicissitudes of heat and cold The sun 
also dries clay at the surface, producing ciacks in it which 
enable other agents, like lam and frost, to act Prolonged cold, 
especially of frost acting on the water present in rocks, is a 
great destroyer of the surface down to some depth, and the 
principal cause is the expansion of the water during the as 
sumption of the crjstaUine state of ice The atmosphere acts 
both chemically and mechanically, and is assisted by the 
moisture it contains Weathering of rocks by the carbon 
dioxide of the air is assisted by the removal of the bicai 
bonates bv ram The rapidity with winch inscriptions on 
monuments in churchyards become effaced, when compared 
with similar records placed within the church, has often been 
pointed out as a striking illustration of the process of dis 
integration 

Professor Miliie and other authors have shown how the 
pand blast erodes the Arabian Wadys, scouring and polishing 
the rocks, and removing the particles ground away from their 
exposed surfaces , and there are numerous examples of wind 
borne and wind polished rocks on many sea coasts 

‘ Weathering ’ is often very conspicuous in crystalline rocks, 
such as granite and most volcanic rocks, which are composed of 
several mineral elements Through the decomposition of the 
felspar and other minerals most liable to be chemically affected 
by au* and rain, hard rocks like basalt sometimes crumble to 
pieces, and may be dug with a spade Some of the most fertile 
districts in Italy and France owe their riches to the sconse 
and lava that once issued in a molten condition from the craters 
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of volcanoes, destroying all the vegetation around, but which 
since then have cooled and crumbled into dust 

In desert regions, where no ram falls, or where, as m parts 
of the Sahara, the soil is so salt as to be without any covering 
of vegetation, clouds of dust and sand attest the power of the 
wind to cause the shiftmg of the unconsolidated or disintegrated 
rock 

In examining volcanic countries, one is much struck with 
the great superficial changes brought about by this power in 
the course of centuries The higher peak of Madeira is about 
6,050 feet above the sea, and consists of the skeleton of a volcanic 
cone now 250 feet high, the beds of which once dipped from a 
centre in all directions at an angle of more than 30° The 
summit IS formed of a dike of basalt with much olivme, fifteen 
feet wide, apparently the remains of a column of lava which 
once rose to the crater Nearly all the scoriae of the upper 
part of the cone have been swept away, those portions only 
remainmg which were hardened by the contact or proximity of 
the dike The wind is seen to be continually removmg the 
dust and finei particles from this exposed mass of volcanic 
materials 

On the highest platform of the Grand Canary, at an eleva 
tion of 6,000 feet, there is a cylindrical column of hard lava, 
from which the softer matter has been carried away , and other 
similar remnants of the dikes of cones of eruption attest the de 
nuding powei of the wind at points where rimning water could 
never have exerted any influence The waste effected by wind, 
aided by frost and snow, may not be trifling, even in a single 
winter, and, when multiplied by centuries, may become mde 
finitely great 

Acfiofi of running water — There are different classes of 
phenomena which attest in a most striking manner the vast 
spaces left vacant by the erosive power of water I may allude, 
first, to those valleys on both sides of which the same strata are 
Been following each other m the same order, and havmgthe same 
mmeral composition and fossil contents We may observe, for 
example, several formations, as Nos 1, 2, 3, 4, m the accom 
panymg diagram (fig 110) , No 1, conglomerate. No 2, clay, 
No 8, grit, and No 4, limestone, each repeated in a senes of 
hills separated by valleys varying m depth When we examine 
the subordinate parts of these four formations, we find, in like 
manner, distinct beds m each, correspondmg, on the opposite 
Bides of the valley, both in composition and order of position. 

No one can doubt that the strata were origmally continuous, 
and that some cause has swept away the portions which once 
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connected the whole senes A tonent on the side of a moun 
tain produces similar interruptions, and when we make artificial 
cuts in lowering roads, we expose, m like manner, corresponding 
beds on either side But in nature, these appearances occur in 
mountains several thousand feet high, and separated by intervals 
of many miles or leagues m extent 

In general, it is only when rivers are swollen by heavy ram 
that any considerable quantity of sohd matter is removed by 
their waters At these times they frequently undermine their 
banks and precipitate vast masses of earth into the stream, 
these are rapidly washed away, while in the bed of the river 
fine gravel and larger fragments of loose stone are sw ept along, 
as the transporting power of the current is intensified with each 
addition to its volume 

But the erosive power of rivers would be comparatively in 
■significant if it were not aided by other causes, by means of 
which the hard and compact masses of rock, composing so great 
a part of the earth’s crust, are reduced to fragments capable of 
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being easily removed All the subaerial agents of denudation 
tend to excavate the ordinary river valley, but canons, which 
are deep gorges and ravines, with perpendicular sides, have 
been excavated by the unassisted power of rivers 

It must be remembered that rivers are mostly very old 
channels, and that m many instances they have lasted during the 
epoch of mountam formation which determined their existence, 
and ever smce Lowering of the surface, the formation of all 
the features of the hills, and the production of deep river gorges 
have progressed slowlj and variably, but the mam drainage has 
lasted on 

In considering the erosive power of rivers, it must be remem- 
bered that the oscillation or meandering of streams from side to 
Bide m their flood plains has been and is an important factor 
m aweepmg down gravels and muds towards the sea 

Denuding powers of rivers affected by rise or fbll of 
landi-'-It has long been a matter of common observation that 
most rivers are now cutting their channels through alluvial de- 



CH IX ] 


KAIN AND RIVERS 


107 


posits of greater Septh and extent than could ever have been 
formed by the present streams From this fact it has been m 
ferred that rivers in general have grown smaller^ or become less 
liable to be flooded than formerly It may be true that, m the 
history of almost ever> country, the rivers have been both larger 
and smaller than they arc at the present moment For the rain 
fall in particular rogionb varies according to climate and physical 
geography, and is especially governed by the elevation of the 
land above the sea, or its distance from it, and other conditions 
equally fluctuating in the course of time But the phenomenon 
alluded to may sometimes be accounted for by oscillations in the 
level of the land, evpenenced since the existing valleys origi 
nated, even where no marked diminution m the quantity of ram 
and in the si/e of the rivers has occurred 

Siqipose, for example, part of a continent, ( omprismg within 
it a large hydrographical basin like that of the Mississippi, to 
subside several inches or feet m a century It will rarely 
happen that the rate of subsidence will be eierywhere equal, 
and m many cases the amount of depression in the interior 
will regularly exceed tjiat of the region nearer the sea When 
ever this happens, the fall of the waters flowing from the upland 
country will be diminished, and each tributary stream will have 
less power to carry its sand and sediment into the mam river, 
and the mam river less power to convey its annual burden of 
transported matter to the sea All the rivers, therefore, will 
proceed to fill up their ancient channels partially, and, during 
frequent inundations, will raise their alluvial plains by new 
deposits If, then, the same area of land be again upheaved 
to its former height, the fall, and consequently the velocity, 
of every river will begin to augment Each river then will be 
less given to overflow its alluvial plain , and its power of carry 
ing earthy matter seaward, and of scouring out and deepening 
Its channel, will be sustained, until, after a lapse of years, 
a new channel or valley will be found to have been eroded 
through a fluviatile formation of comparatively modern date 
The surface of what was once the river plam at the period 
of greatest depression will then remain frmgmg the valley 
sides in the form of a terrace apparently flat, but in reality 
slopmg down with the general inclination of the river Every 
where this terrace will present cliffs of gravel and sand, facmg 
the river That such a series of movements has actually taken 
place in the mam valley of the Mississippi and in its tributary 
valleys durmg oscillations of level has been proved by geological 
mvestigations , and the freshwater shells of existing species and 
bones of land quadrupeds, partly of extmet races, preserved in 
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the terraces of fluviatile origin, attest the exclusion of the sea, 
during the whole process of filling up and partial re excavation 

Bsoarpments are the abrupt faces of rocks of various kinds 
which sometimes resemble sea cliflfs, but are often found far 
inland They may extend for many miles and bound many 
valleys, and ha\e more or less precipitous laces They are due 
to subaerial denudation, and must be carefully distinguished 
from cliffs due to marine action 

It was at one time supposed that the steep line of cliff like 
slopes seen along the outcrop of the chalk, when we follow the 
edge of the North or South Downs, was due to marine action , 
but Sir A Ramsay and other authors have shown that the 
physical geography of the district points to the idea of the 
escarpments having been due to gradual waste since the rocks 
were exposed to the atmosphere, and to the action of ram and 
rivers 

Mr Whitaker has given a good summary of the grounds for 
ascribing these apparent sea cliffs to waste m the open air 
1 There is an absence of all signs of ancient sea beaches or 
littoral deposits at the base of the escarpment 2 Great in 
equality is observed in the level of the base line 3 The escarp 
ments do not intersect a series of distinct rocks like sea cliffs, 
but are always confined to the boundary line of the same forma 
tion 4 There are sometimes different contiguous and parallel 
escarpments— those, for example, of the greensand and chaik — 
which are so near each other, and occasionally so similar in 
altitude, that we cannot imagine any existing archipelago, if 
converted mto dry land, to present a similar outline 

The above theory is by no means inconsistent with the 
opinion that the limits of the outcrop of the chalk and greensand, 
which the escarpments now follow, were originally determined 
by marine denudation When the south east of England last 
emerged from beneath the level of the sea, it was acted upon, 
no doubt, by the tide, waves, and currents, and the chalk would 
form, from the first, a mass projecting above the more destruc- 
tible clay called gault Still the present escarpments so much 
resembling sea-cliffs have, no doubt, for reasons above stated, 
derived their most characteristic features, subsequently to emer 
gence, from subaerial waste by ram and rivers 

The vast results of denudation m past time are exhibited in 
a most impressive manner in those distncts where we see some 
of the older strata of the earth appeanng at the surface, as, for 
example, m the middle of an anticlmal curve (fig 88, p 82), on 
either side of which rest a long senes of succeeding and con 
formable strata The newer beds must once have arched over 
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the whole area, and have been stripped off, before the older 
strata could have been laid bare 

In the ‘ Memoirs of the Geological Survey of Great Britain ’ 
(vol i), Sir A Ramsay has shown that the missing beds, 
removed from the summit of the Mendips, must have been 
nearly a mile in thickness , and he has pointed out considerable 
areas m South Wales and some of the adjacent counties of 
England, where a series of very ancient or pal«o/oic strata, not 
less than 11,000 feet in thickness, has been stripped off All 
these materials have of course been transported to new regions, 
and have entered into the composition of more modern forma 
tions It is clear that such old rocks, mostly formed of mud 
and sand, and consolidated, were the monuments of denuding 
operations, which must have taken place at some of the remotest 
periods of the earth’s history yet known to us For whatever 
has been given to one area must always have been borrowed 
from another , a truth which, obvious as it may seem when thus 
stated, must be repeatedly impressed on the student’s mind, 
because in many doubtful geological speculations, it has been 
wrongly stated that the crust of the earth has been alwajs 
growing thicker in consequence of the accumulation, period after 
period, of sedimentary matter, as it the new strata were not 
always produced at the expense of pre existing rocks, stratified 
or unstratified 

It 18 well known that deltas are forming at the mouths of 
some large rivers, and the land is encroaching upon the sea , 
these deltas are monuments of recent denudation and depo 
sition , and it is obvious that if the mud, sand, and gravel 
were taken from them and restored to the continents, they 
would fill up a large part of the ravines and valleys which are 
due to the excavating and transporting power of torrents and 
rivers By duly reflecting on the fact, that all deposits of 
mechanical origin imply the transportation from some other 
region, whether contiguous or i emote, of an equal amount of 
solid matter, we perceive that the stony extenor of the planet 
must always have grown thinner m one place, whenever, by 
accessions of new strata, it was acquiring thickness m another 
Alluvium.— Between the superficial covering of vegetable 
mould and the subjacent rook there often intervenes, m many 
districts, a deposit of loose gravel, sand, and mud, to which, when 
it occurs m valleys, the name of alluvium has been popularly 
applied The term is derived from alluvio^ an inundation, or 
alliio, to wash, because the pebbles and sand commonly resemble 
those of a river’s bed, or the mud and gravel washed over low 
lands by a ff ood 
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In the course of those changes in physical geography which 
may take place during the gradual emergence of the bottom of 
the sea and its conversion into dry land, any spot may have been 
either a sunken reef, or a bay, or an estuary, or sea shore, or the bed 
of a river The drainage, moreover, may have been deranged 
again and agam by earthquakes, during which temporar-y lakes 
may have been caused by landslips, and partial deluges occa 
sioned by the bursting of the barriers of such lakes For this 
reason it would be unreasonable to hope that we should ever be 
able to account for all the alluvial phenomena of each particular 
country, seeing that the causes of their origin are so various 
And, further, the last operations of water have a tendency to 
disturb and confound together all pre existing alluvia Hence 
we are always m danger of regarding as the work of a single era, 
and the effect of one cause, what has m reality been the result 
of a variety of distinct agents during a long succession of 
geological epochs Much useful mstruction may therefore be 
gained from the exploration of a country like Au\ eigne, where 
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the superficial gravel of \ ery different eras happens to have been 
preserved and kept separate by sheets of lava, which were 
poured out, one after the other, at periods when the denudation, 
and probably the upheaval, of rocks were m progress That 
region had already acquired m some degree its present con- 
figuration before any volcanoes were in activity, and before any 
igneous matter was superimposed upon the granitic and fossili- 
ferous formations The pebbles, therefore, m the older gravels 
are exclusively constituted of granitic and gneissic roc ks , and 
afterwards, when volcanic vents burst forth into eruption, those 
earlier alluvia were covered by streams of lava, which protected 
them from intermixture with gravel of subsequent date In 
the course of ages, a new system of valleys was excavated, so 
that the rivers ran at lower levels than those at which the first 
alluvia and sheets of lava were formed When, therefore, fresh 
eruptions gave rise to new lava, the melted matter was poured 
out over lower grounds , and the gravel of these plains differed 
from the first or upland alluvium, by containing ih it rounded 
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fragments of various volcanic rocks, and often fossil bones 
belonging to species of land animals different from those which 
had previously flourished in the same country 

The annexed drawing (fig 111) will explain the different 
heights at which beds of lava and gravel, each distinct from the 
other in composition and age, are observed, some on the flat 
tops of hills 700 or 800 feet high, others on the slope of the same 
hills, and the newest of all in the channel of the existing river, 
where there is usually gravel alone, although in some cases a 
narrow strip of solid lava shares the bottom of the valley with 
the river 

The proportion of extinct species of quadrupeds is more 
numerous in the fossil remains of the highest gravel than in 
that lower down , and in the bed of the river they agree with 
those of the existing fauna The usual absence or rarity of 
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organic remains in beds of loose gravel and sand is owing partly 
to the friction which originally ground down the rocks into small 
fragments, and partly to the porous nature of alluvium, which 
allows the free percolation through it of ram water, and pro 
motes the decomposition and removal of fossil remains 

But even m cases where the alluvia produced by successive 
stages of denudation are not sealed up, as in Auvergne, under 
beds of lava, we may frequently recognise the evidence of a 
sequence of deposits in a series of terraces on the sides of ri\ er 
valleys As shown by Professor Prestwich, the upland or 
plateau gravels (see fig 112) must have been spread out before 
the excavation of the valley, and the higher level and lower 
level gravels must each have formed the bottom of the valley 
before it was excavated to its present depth As in the case of 
Auvergne, this succession of events is confirmed by the study of 
the fossils found m these successive allu\ la 
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Under the name of Muvtum or drift, the older geologists 
used to distinguish those masses of loose material which often 
attam great thicknesses, and are formed of materials that 
indicate more violent action than that which has accumulated 
the alluvia of our river valleys Such deposits were at one time 
thought to have been produced by the action of violent floods 
sweeping over the land and carrying blocks of stone of great 
size and vast quantities of sand and mud from one region to 
another 

The more careful study of these diluvial deposits or drifts 
has shown that they must have been accumulated by the action 
of ice— either as glaciers, icebergs or shore-ice Ice, as we 
shall see m a subsequent chapter, is a most important agent of 
disintegration and transport Rocks have their surfaces scored, 
smoothed, and polished by rock fragments frozen into the 
bottoms of glaciers, and these fragments are at the same time 
ground to the finest dust Glaciers and icebergs transport 
blocks of the largest si/e, as well as sand and mud, to great dis 
tances , and, bv the action of ice, vast masses of material are 
accumulated both on the land and under, the sea, forming what 
are known as ‘ glacial ’ deposits Most of the deposits formerly 
classed as ‘diluvium’ can now be shown to have resulted 
directly or indirectly from the action of glaciers, icebergs, and 
shore ice 

Marine denudation — The waves of the sea when driven by 
storms are continually wearing away the coastline, m some cases 
undermining the cliffs and hollowing out deep caverns Cliffs 
are worn back leaving low foreshores, which are planed more or 
less level by the waves and tides Part of the action of the 
waves between high and low water mark must be included in 
subaerial denudation, more especially as the undermining of 
cliffs by the wav es is facilitated bj land springs, and these often 
lead to the sliding down of great masses of land into the sea 
But the destruction wrought by these means would soon come 
to an end if the force of the waves and the tides did not break 
up whatever is brought within their reach, and, by sweeping the 
fragments to deep water, prepare the way for renewed gams 
upon the land 

Though the denudmg power of the waves is confined within 
the narrow limits between tide marks, the phenomena of our 
raised beaches and submerged forests indicate oscillations of 
level, and as such movements are very gradual, they must have 
given repeated opportunities to the breakers to denude the land 
which was agam and again exposed to their fury, although it is 
evident that the submergence was sometimes effected in such a 
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manner as to allow the trees which border the coast to be 
quietly covered up by sediment instead of being carried away 
Ground swell waves are important agents of denudation 
when they come into shallow water Scott Russell showed 
that a single roller of a ground swell, 20 feet high, falls with the 
pressure of a ton on every square foot, and Stevenson stated that 
the force of the breakers of the Atlantic on the sea-coasts of 
Britain was Oil lbs per square toot m summer, and 2,086 lbs 
m winter It is stated that ground swell will influence the 
bottom at 200 fathoms But Delesse has proved that engineer 
mg operations arc scarcely disturbed at a greater depth than 
16 4 feet in the Mediterranean Sea, and 26 24 feet in the 
Atlantic All modern research tends to show that the greater 
part ot the eroding action of the sea is restricted to within a few 
tatlioms ot the shore 

The sea removes the products of its own erosion, and most of 
the results of siibaerial denudation The mud of rivers sinks 
sooner or later when in contact with the sea, and clays readily 
sink in salt water , but it appears that deep sea deposits remote 
from land are singularly evempt from materials den\ ed from 
the land The vast volumes of soluble matters brought down 
by the rivers into the sea supply the material of the calcareous 
and siliceous skeletons of a host of marine organisms 

The littoral deposits, as they are termed, are shingle beds 
and similar accumulations, and they are rarely stationary 
Derived from the fall of clifis, and worn by the rolling of water 
and by impact with other stones, the fragments become pebbles, 
while the sand, resulting from this wearing action, is carried off 
by tide and currents Finally, the pebbles collect m masses, 
which resemble many geological formations, and— were they 
cemented— would be true conglomerates The tine materials 
tormed by the wearing down of the fragments and pebbles 
are spread out m layers, which resemble the sandstones of old 
with rain prints and ripple markings 

Submarine denudation.— When we attempt to estimate the 
amount of submarine denudation, we become sensible of the 
disadvantage under which we labour from oiu habitual iiica 
pacity of observing the action of marine currents on the bed of 
the sea We know that the agitation of the waves, even during 
storms, diminishes at a rapid rate, so as to become very insigc 
nihcant at the depth of a few fathoms , but when large bodies of 
water are transferied by a current, from one part of the ocean 
to another, they are known to maintain at some depth such a 
velocity as must enable them to remove the finer, and sometimes 
even the coarser, matenals of the rocks over which they flow. 
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As the Mississippi when more than 160 feet deep can keep open 
its channel and even carry down gravel and sand to its delta, 
the surface velocity being not more than two or three miles an 
hour, so a gigantic current like the Gulf Stream, equal in volume 
to many hundred Mississippis, and having in parts a surface 
velocity of more than three miles, may in moderately deep 
water act as a propelling and abrading power But the efficacy 
of the sea as a denuding agent, geologically considered, is not 
dependent on the power of currents to preserve at considerable 
depths a velocity sufficient to remove sand and mud, because, 
even where the deposition or removal of sediment is not in pro- 
gress, the depth of water does not remain constant throughout 
geological time Every page of the geological record proves 
to us that the relatn e levels of land and sea, and the position of 
the ocean and of continents and islands, have been always 
varying, and we may feel sure that some portions of the sub 
marme area are now rising and others sinking The force of 
tidal and other currents and ot the waves during storms was 
sufficient to prevent the emergence of many lands, even though 
they were undergoing continual upheaval This must always 
have been the case when the reduction*^ of level b;v the action 
of marine currents went on faster than its elevation by sub 
terranean forces It is not an uncommon eiror to imagine that 
the waste of sea cliffs affords the measure of the amount of 
marine denudation, of which it probably constitutes an iiisig 
nificant portion 

Dogger hank —That great shoal called the Dogger bank, 
about sixty miles east of the coast of Northumberland, and 
occupying an area about as large as Wales, has nowhere a depth 
of more than ninety feet, and m its shallower parts is less than 
forty feet under water It might contribute towards the safety 
of the navigation of our seas to form an artificial island, and to 
erect a lighthouse on this bank , but no engineer would be rash 
enough to attempt it, as he would feel sure that the ocean in 
the first heav} gale would sweep it away as readily as it does 
every temporary shoal that accumulates from tmie to time 
around a sunken vessel on the same bank ‘ 

No observed geographical changes in historical times entitle 
us to assume that where upheaval may be m progress it proceeds 
at a rapid rate Three or four feet rather than as many yards 
m a century may probably be as much as we can reckon upon 
m our speculations , and if such be the case, the continuance of 
the upward movement might easily be counteracted by the de 
nudmg force of such currents aided by such waves as during a 
^ ‘Principles,’ 10th ed vol i p 669 
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gale are known to prevail m the German Ocean What parts of 
the bed of the ocean are stationary at present, and what areas 
may be rising or sinking, is a matter of which we are very igno- 
rant, as the taking of accurate soundings is but of recent date 
Newfoundland hank — The great bank of Newfoundland may 
be compared in si/e to the whole of England This part of the 
bottom of the Atlantic is surrounded on three sides by a rapidly 
deepening ocean, the bank itself being from twenty to fifty 
fathoms (or from 120 to 300 feet) under water We are unable 
to determine by the comparison of different charts, made at 
distant periods, whether it is undergoing any change of le\ el, 
but if it be gradually rising we cannot anticipate on that account 
that it will become land, because the breakers in an open sea 
would exorcise a prodigious force even on solid rock brought up 
to within a few jards of the surface Wo know, for example, 
that when a new volcanic island rose m the Mediterranean m 
1831, the waves wcie capable m a few years of reducing it to a 
sunken bank 

In the same way currents which flow over the Newfoundland 
bank a great part of the year at the rate of two miles an hour, 
and are known to retain a considerable velocity to near the 
bottom, may carry away all loose sand and mud and make the 
emergence of the shoal impossible, m spite of the accessions of 
mud, sand, and boulders derived occasionally from melting ice 
bergs which, coming iioiu the northern glaciers, are frequently 
stranded on various parts of the bank They must often leave 
at the bottom laige eriatic blocks which the marine currents 
may be incapable of moving 

‘Needles’ and ‘No Man’s Lands’ arc portions of cliffs 
left behind when surioundmg jiarts have been worn down by 
the sea , they indicate the former extension of the land up to 
and beyond them seiwards They aie, as it were, measures of 
the strata which have been worn away, and which are rocog 
nised m the mam cliffs ot the land 

Inland sea-oUffs —In countries where hard limestone rocks 
abound, inland cliffs have often retained the characters which 
they acquired when they constituted the boundary of land and 
sea Thus, m the Morea, no less than three or even four ranges 
of cliffs are well preserved, rising one above the other at dif 
ferent distances from the actual shore, the summit of the 
highest and oldest occasionally attaining 1,000 feet m elevation 
A consolidated beach with marine shells is usually found at the 
base of each cliff, and a line of old shore caverns 

But the beginner should be warned not to expect to find 
evidence of the former sojourn of the sea on all those lands 
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which we are nevertheless sure have been submerged at periods 
comparatively modern, for notwithstanding the enduring nature 
of the marks left by littoral action on some rocks, especially 
limestones, we can by no means detect sea beaches and inland 
cliffs everywhere On the contrary, they are, upon the whole, 
extremely partial, and are often entirely wanting m districts 
composed of argillaceous and sandy formations, which must, 
nevertheless, have been upheaved at the same time, and by the 
same intermittent movements, as the adjoining harder rocks 
Equally necessary is it for the student to avoid confounding 
ordinary escarpments, formed by subaerial denudation, with 
true sea cliffs, to which they sometinieS exhibit a superficial 
resemblance 


The importance of subacnal de 
nudation m sculpturing the earth s 
surface was first shown m Mr 
berope's classical work on tlie 
Volcanoes of Central Prance ’ 
Sir \ndrtw Ramsay’s ‘ Physical 
Geology and Geography of Great 
Britain,’ Col Greenwood’s ‘Run 
and Rivers,’ and Sir A Geikie s 


‘ Scenery of Scotland, viewed in 
connection with its Physical Geo 
logy,’ may all be studied with ad 
vantage as supplying valuable illus 
tiations of the principles laid down 
m tins ch iptei Foi an admirable 
hummai} of the question sco Pro 
fessor Green’s ‘ Physic vl Geology,’ 
third edition, vol xiii 


CHAPTER X 

JOINT ACTION 01 DI NUDATION, UPHFAVAL, AND SUBSIDENCt IN 
El MODELLING THE IARTH’s CRUS! 

How we obtain m iiihight, at the surface, of the airangcment of rocks at 
great depths— Why the height of the successive strita in a given 
legion IS so disproportionate to their thickntss— Computation of the 
average annual amount of subacnal denudation— Antagonism of sub 
terranean forces to the levelling power of running watei — How fai the 
transfer of sediment from the land to a neighbouring sea bottom may 
affect subterranean movements — bupposed permanence of contmontal 
and oceanic areas 

Bow we obtain an insight, at tbe surface, of the arrange- 
ment of rooks at great depths -The reader has been 
already informed that in the structure of the earth’s crust we 
often find proofs of the direct superposition of marine to fresh 
water strata, and also evidence of the alternation of deep sea 
and shallow water formations Sedimentary deposits cannot 
become thick if exposed to concurrent denudation Darwin has 
suggested that all deep sediments must have accumulated 
durmg subsidence of the area in which they were formed In 
order to explain how such a series of rocks could be made to^ 
give rise to our present continents and islands, we have to as 
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Slime not only that there have been alternate upward and down 
ward movements of great vertical extent, but that the uphea^ al 
in the areas which we at present mhabit has, in later geo 
logical times, sufficiently predominated over subsidence to cause 
these portions of the earth’s crust to be land instead of sea 
The sinking down of a delta beneath the sea level may cause 
strata of fluviatile or even terrestrial origin, such as peat, to be 
covered by deposits of deep sea origin There is also no limit to 
the thickness of mud and sand which may accumulate in shallow 
water, provided that fresh sediment is brought down from the 
wasting land at a rate corresponding to that of the sinking of 
the bed of the sea 

The succession of strata here alluded to would be consistent 
with the occurrence of gradual downward and upward move 
ments of the land and bed of the sea without an) disturbance 
of the hori/ontality of the several formations But the arrange 
ment of rocks composing the earth’s crust differs materially from 
that which would result from a mere senes of radial vertical 
movements Had the internal energies of the globe only pro 
duced such movements, and had the stratified rocks been first 
formed beneath the sea and then raised above it, without any 
lateral compression, the geologist would nev er have obtained an 
insight into the monuments of various ages, some of extremely 
remote antiquitv 

What we have said in Chapter VIIT of dip and strike, of 
the folding and inversion of strata, of anticlinal and synclinal 
flexures, and in Chapter IX of denudation at different periods, 
whether subaerial or submarine, must be understood before the 
student can comprehend what may at first seem to him an 
anomaly, but which it is his business particularly to understand 
We allude to the small height above the level of the sea attained 
by strata, often many miles m thickness, and about the chrono 
logical succession of which, m one and the same region, there is 
no doubt whatever Had stratified rocks in general remamed 
horizontal, the waves of the sea would have been enabled 
during oscillations of level to plane off entirely the uppermost 
beds as they rose or sank during the emergence or submergence 
of the land But the occurrence of a series of formations of 
widely different ages, all remaining horizontal and in conform* 
able stratification, is exceptional, and for this reason the total 
annihilation of the uppermost strata has rarely taken place 
We owe, indeed, to the lateral movements produced by tan 
gential thrust those anticlinal and synclinal curves of the beds 
already described (fig 81 , p 80 ), which, together with denu 
dation, subaerial and submarine, enable us to investigate the 
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structure of the earth’s crust many miles below those pomts 
which the miner can reach under other circumstances It has 
already been shown m fig 83, p 82, how, at St Abb’s Head, a 
series of strata of indefinite thickness may become vertical, and 
then denuded, so that the edges of the beds alone shall be exposed 
to view, the altitude of the upheaved ridges being reduced to 
a moderate height above the sea level The breadth of an 
exposed edge of a stratum is eqmvalent to its thickness when 
the vertical position is assumed It may be observed that, 
although the incumbent strata of Old Ked Sandstone are nearly 
horizontal, yet they will in other places be found so folded as to 
present yertical strata, the edges of which are abruptly cut off, as 
in 2, 8,4 on tho right hand side of the diagram, fig 81, p 80 
Wby tbe helf bt above sea-level of tbe suooesslve strata 
in a flven ref ion Is so disproportionate to tbelr tbiokness 
We cannot too distinctly bear in mind how dependent we are, 
for our power of consultmg the different pages of those stony 
records of which the crust of the globe is composed, on the 
joint action of the internal energies and agents of denudation, 
the one in disturbing the original position of rocks, and the 
other in destroying large portions of them Why, it may bo 
asked, if the ancient bed of the sea has been in many regions 
uplifted to the height of two or three miles, and sometimes 
twice that altitude, and if it can be pro\ed that some single 
formations are of themselves two or three miles thick, do we so 
often find several important groups resting one upon the other 
yet attaining only the height of a few hundred feet aboye the 
level of the sea 

The American geologists, after carefully studying the Appa 
lachian mountains, have ascertained that the older fossilife 
rolls rocks of that chain (from the Silurian to the Carboniferous 
inclusive) are not less than 42,000 feet thick, and if they were 
now superimposed on each other in the order in which they 
were deposited, they ought to equal m height the Himalayas 
with the Alps piled upon them Yet they rarely reach an 
altitude of 5,000 feet, and their loftiest peaks are no more 
than 7,000 feet high The Carboniferous strata forming the 
highest member of the series, and containing beds of coal, 
♦can be shown to be of shallow water origin, or even sometimes 
to have originated m swamps in the open air But what is more 
surprising, the lowest part of this great Palaeozoic series, in 
stead of having been deposited at the bottom of an abyss more 
than 40,000 feet deep, consists of sediment (the Potsdam sand 
gtone), evidently spread out on the bottom of a shallow sea on 
which ripple marked sands were occasionally formed. This vast 
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thickness of 40,000 feet is estimated by measuring the denuded 
edges of the vertical strata forming the parallel folds into which 
the originally horizontal Silurian and Carboniferous rocks had 
been forced, and which ‘ crop out ’ at the surface 

A like phenomenon is exhibited m every mountainous coun* 
try, as, for example, in the European Alps , but we need not go 
farther than the north of England for its illustration Thus in 
Lancashire and central England the thickness of the Carboni 
ferous formation, including the Millstone Grit and Yoredale 
beds, 18 computed to be more than 18,000 feet , to this we may 
add the Mountain Limestone, at least 2,000 feet in thickness, 
and the o\erlymg Penman and Triassic formations, 3,000 or 
4,000 feet thick How then does it happen that the loftiest 
hills of Yorkshire and Lancashire, instead of being 24,000 feet 
high, never rise to 3,000 feet ? The denuded edges of the strata, 
which are m great curves, are measurable, but the bulk of the 
thickness is below sea lei el 

A study ot figs 97 and 98, p 92, will explain the relation of 
the thickness of strata to their height above sea level It is 
evident that the denuded edges of very thick masses of strata, 
which are in great curves, can be measured, although ihe bulk 
of the deposit is hidden Hence masses of stratified rocks may 
be several miles m thickness, although the ele\ation attained by 
them may not be more than a mile above sea level 

Computation of the average annual amount of subaerlal 
Uenudatlon —Attempts were made by Manfredi in 1786, and 
afterwards by Playfair in 1802, to calculate the time which it 
would require to enable the rivers to deliver over the whole of 
the land into the basin of the ocean The data were at first too 
imperfect and vague to allow them even to approximate to safe 
conclusions But m our own tune similar investigations have 
been renewed with more prospect of success, the amount brought 
down by many large rivers to the sea having been more accu 
lately ascertained Mr Alfred Tylor, in 1850, inferred that the 
quantity of detritus now being distributed o\er the sea bottom 
would, at the end of 10,000 years, cause an elevation of the sea 
level to the extent of at least three inches Subsequently Mr 
Croll in 1867, and again, with moie exactness, m 1868, deduced 
from the latest measurement of the sediment transported by 
European and American rivers, the rate of subaerial denudation 
to which the surface of large continents is exposed, taking espe 
cially the hydrographical basin of the Mississippi as affordmg 
the best available measure of the average waste of the land The 
conclusion arrived at m his able memoir was that the whole 
terrestrial surface is denuded at the rate of one foot in 6,000 
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years, and this opinion was enforced by Sir A Geikie, who pub 
lished a valuable essay on the subject in 1868 

The student, by referring to the ‘ Principles of Geology,’ 
may see that Messrs Humphreys and Abbot, during their survey 
of the Mississippi, attempted to make accurate measurements of 
the proportion of sediment earned down annually to the sea by 
that river, including not only the mud held in suspension, but 
also the sand and gravel forced along the bottom 

It IS evident that when we know the dimensions of the area 
which IS drained, and the annual quantity of earthy matter 
taken from it and borne into the sea, we can affirm how mucli 
on an average has been removed from the general surface in one 
year, and there seems no danger of our overrating tlie mean 
rate of waste by selecting the Mississippi as our example, for 
that nver drains a country equal to moie than lialt the continent 
of Europe, extends through twenty degrees of latitude, and 
therefore through regions enjoying a gieat variety of climate, 
and some of its tributaries descend from mountains of great 
height The Mississippi is also more likely to afford us a fair 
test of ordinary denudation, because, unlike the St Lawrence 
and its tributaries, there are no great lakes in which the fluvia 
tile sediment is thrown down and arrested on its way to the sea 
In striking a general average we have to remember that there 
are large deserts in winch there is scarcely any rainfall, and 
tracts wffiich are as rainless as parts of Peru, and these must 
not be neglected as counterbalancing others, m the tropics, 
where the quantity of rain is m excess 

From the careful observations of Messrs Humphreys and 
Abbot it IS found that the quantity of materials carried down to 
the sea every year, in suspension and m solution, would, if spread 
out over the vast area drained by the Mississippi and consolidated 
into rock, raise that basin by part of a foot In other 
words, the whole Mississippi basin is being lowered by the 
action of denudation at the rate of one foot in 6,000 years 
Small as this rate may seem to be, a little consideration will 
show what stupendous effects may be produced in long periods 
of time The average height of the North American continent 
18 (according to the most recent researches) 2,030 feet It follows 
then that if the other rivers of North America are carrying on 
the work of denudation at the same rate as the Mississippi, the 
whole North American contment would be swept away and its 
materials deposited in the ocean m a period of 12,000,000 years 
The results of these calculations are only trustworthy if it is 
true that the ramfall has not greatly mcreased or diminished, 
and that the climate has remamed approximately the same. 



CH. x] 


AND OTHER RIVERS 


121 


There can be little doubt that many nvers perform the work 
of denudation at a much quicker rate than the Mississippi It 
has been estimated, m the case of the Ganges, that the quantity 
of mud carried down to the Bay of Bengal, during four months 
of wet season of each year, is so great that it would require a 
fleet of eighty ‘ Indiamen,’ each of 1,400 tons, to set sail every 
hour of every day during the whole of those four months in order 
to carry the same amount of material as is done by this river 

The estimates made m the case of some other rivers are as 
follows —To reduce the height of the river basin by one foot 
would require the following periods in the case of the several 
rivers Danube, 0,846 years , Nith, 4,72d years , Yang tse kiang, 
2,700 years, Ganges, 2,358 years, Elbe, 1,600 years, Rhone, 
1,528 years , Hoang Ho, 1,464 years , Po, 729 years 

A rate ot 3,000 years for the removal of one foot thickness 
from the surface in the case ot the whole of the rivers of the 
globe would probably be a very fair average , and, as the mean 
height of all the land masses of the globe is about 2,300 feet, 
it Would require about 7,000,000 years, at the present rate of 
subaerial denudation, to carry away their materials and deposit 
them beneath the ocean 

Action of bypogrene forces In compensating those of 
subaerial denudation — In all these estimates it is assumed that 
the entile quantity of land above the sea level remains on an 
average undimimshed m spite of annual waste Were it other 
wise, the subaerial denudation would be continually lessened by 
the diminution of the height and dimensions of the land exposed 
to waste It was stated in 1830, in the ‘ Principles of Geology,’ 
that running water and volcanic action are two antagonistic 
forces , the one labourmg contmuaUy to reduce the whole of the 
land to the level of the sea, the other to restore and maintain the 
inequalities of the crust on which the ver\ existence of islands 
and continents depends We must always bear m mind that it 
is not simply by upheaval that subterranean movements can 
counteract the levelling force of running water For, whereas 
the transportation of sediment from the land to the ocean or 
the upheaval of its bed would raise the general sea level, the 
subsidence of the sea bottom by increasing its capacity would 
check this rise and prevent the submergence of the land 

The average height and area of the land masses can only be 
preserved if the increase occasioned by elevation m one part ex 
ceeda the loss by subsidence elsewhere , the amount removed by 
denudation from the whole surface of the land is the measure of 
this excess of elevation over subsidence It is only by con 
sidermg the joint action of all the causes that determine the level 
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of the sea and the height of the land that we can form some 
idea of the relation of these destroying and renovating energies 
Unless we assume that there is, in volcanic districts, more sub 
sidence than upheaval, we must suppose the volume of the land 
masses to be always increasing, by that quantity of volcanic 
matter which is annually poured out in the shape of lava or 
ashes, and accumulated on the land, and which is derived from 
the interior of the earth The abstraction of this matter 
causes, no doubt, in some instances, subsidence Moreover 
it IS possible that the globe has become smaller from contrac 
tion durmg secular cooling 

Hypogene action.— The action of energies within the earth 
in counterbalancing denudation by producing great curMngs of 
the crust m past times is not a mere matter of conjecture 
The student will see in a future chapter that we have proofs of 
Carboniferous forests hundreds of miles m extent which grew on 
the lowlands or deltas near the sea, ind which subsided and gave 
place to other forests, imtil m some regions fluviatile and shallow 
water strata with occasional seams ot coal were piled one over 
the other, till they attained a thickness of many thousand feet 
These have often been pieserved owing to their being forced into 
synclinal curves and removed out of the range of denudation 

It will be also seen m another chapter that we have evidence 
of a rich terrestrial flora, the Devonian, ev en more ancient than 
the Carbonifeious , while, on the other hand, the later Triassic, 
Oolitic, Cretaceous, and successive Tertiary periods have all 
supplied us with fossil plants, msects, or terrestrial mammalia , 
showing that, in spite of great oscillations of level and continued 
changes in the position of land and sea, the internal energies 
have maintained a due proportion of diy land We may appeal 
also to freshwater formations, such as the Purbeck and Wealden, 
to prove that m the Oolitic and Neocomian eras there were 
nvers draining ancient lands in Euroiie m times when we know 
that other spaces, now above water, were submerged 

Bow for tbe transfer of sediment from tbe land to a 
neighbouring sea-bottom may affect subterranean move- 
ments —It has been suggested that the stripping off by denu 
dation of dense masses from one part of a continent and the 
delivery of the same into the bed of the ocean must have a 
decided effect in causmg changes of temperature m the earth’s 
crust below, or, in other words, in causing the subterranean 
isothermals to shift their position If this be so, one part of the 
crust may be made to rise, and another to sink, by the expan 
Sion and contraction of the rocks, of which the temperature is 
altered. 
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Persistence and mutability of continental and oceanic 

areas — If the thickness of more than 40,000 feet of sedimen 
tary strata, before alluded to, in the Appalachians, proves a pre 
ponderance of downward movements of the sea floor in Palseozoic 
times in a district now forming the eastern border of North 
America, it also proves, as before hinted, the continued existence 
and waste of some neighbouring continent, probably formed of 
Laurentian rocks, and situated where the Atlantic now prevails 
Such an hypothesis would be in perfect harmony with the con 
elusions forced upon us by the study of the present configuration 
of our continents, the relation of their height to the depth of the 
oceanic basins, also to the considerable elevation and extent 
sometimes reached by drift containing shells of recent species , 
and still more by the fact of sedimentar;y strata, several thousand 
feet thick, as those of central Sicily, or such as flank the Alps 
and Apennines, containing fossil mollusca sometimes almost 
wholly identical with species still living 

Movements of 1,000 feet or more would turn much land mto 
sea, and sea into land, in the continental areas and their borders , 
whereas oscillations of equal magnitude would have no corre 
spending effect in the bed of the ocean generally, believed as it 
is to have a mean depth of nearly 13,000 feet The greatest 
depths of the sea do not exceed the greatest heights of the land , 
it may, therefore, seem strange that the mean depth of the sea 
should exceed the mean height of the land six times, even 
taking the lowest estimate of the ocean depths as given by the 
late deep sea soundings This apparent anomaly arises from 
the fact that the extreme heights of the land are exceptional 
and confined to a small part of its surface, while the ocean 
maintains its great depth over enormous aieas 

It is evident that, during the recent periods of the earth's 
history, there have been great subsidences and elevations of the 
land , many raised beaches are 1,000 to 1,200 feet above sea 
level Dana, following Darwin’s theory of Atoll formation, 
terms the Atoll a memorial of a departed land, and considers 
that the great Pacific subsidence was contemporaneous with the 
post glacial upheaval m the north 

From all that we know of the extreme slowness of the up 
ward and downward movements which bring about even slight 
geographical changes, we may infer that it would require a great 
lapse of time to cause the submarine and supramarme areas to 
change places, even if the ascending movements in the one 
region and the descending in the other were continuously in 
one direction But we have only to appeal to the structure of 
the Alps, where there are so many shallow and deep water 
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formations of various ages crowded into a limited area, to con 
Vince ourselves that mountain chains are the result of great 
oscillations of level High land is not produced simply by 
uniform upheaial, but by a predominance of elevatory over 
subsiding movements "Where the ocean is extremely deep it is 
because the sinking of the bottom has been in excess, in spite of 
interruptions by upheaval 

Yet, persistent as may be the leading features of land and sea 
on the globe, they are not immutable Some of the finest mud 
IS doubtless earned to indefinite distances from the coast by 
marine currents, and we are taught by deep sea dredgings that 
m cleai water, at depths equallmg the height of the Alps, organic 
beings may flourish, and then spoils slowly accumulate on the 
bottom We also occasionally obtain evidence that submarine 
\ olcanoes are pouring out ashes and streams of lav a in mid ocean 
as well as on land, and that wherever mountains like Etna, 
Vesuvius, and the Canary Islands are now the site of eruptions, 
tliere are signs of accompanying upheaval, by which beds of 
ashes full of recent marine shells have been uplifted many hun 
dred feet Wo need not be surprised, tlicrefore, if we learn 
from geology that the continents and oceans were not always 
placed where they now are, although the imagination may w ell 
be overpowered when it endeavours to contemplate the amount 
of time required for such rev olutions 

The chalk formation consists of masses of foraminifeial oo-^e, 
one to two thousand feet m thickness, and was certainly formed 
in an ocean of considerable depth , but it now constitutes the 
surface ovei many thousands of squaie miles m the whole 
district of central Europe from Ireland to Russia and thence 
into Asia In the same way masses of Globigerma and Radio 
larian oo7e accumulated m a deep ocean are now found at the 
height of several thousand feet above the sea level in the islands 
of the West Indies 

It was at one time supposed that among the great masses 
of stratified materials forming the earth’s crust there were no 
rocks comparable to the deposits which are now accumulating 
upon the floors of the great oceans But the discoveries of the 
last few years have proved that such is not the case Among 
the formations of the older, as well as among those of the newer 
periods of the earth’s history, we find great masses of calcareous 
and siliceous rocks— sometimes thousands of feet m thickness— 
entirely made up, as shown by the microscope, of the minute 
forms of life that cover the existing deep ocean floors The 
comparatively modern chalk has its counterpart in a number of 
older calcareous rocks, almost wholly built up of the shells of 
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foraminifera with coccoliths and similar minute organisms 
Siliceous rocks crowded with the remains of radiolarians have 
been found of great thickness and at a number of different 
horizons among the older as well as among the younger 
stratified deposits of the earth’s crust , and these vast masses of 
calcareous and siliceous locks are now found elevated to form 
portions not only of the dry land, but of great mountain chains, 
and may be seen exposed to our study at the height of several 
miles above the sea level In the face of these facts, it seems 
impossible to doubt that great interchanges have taken place 
between oceanic and continental areas of the globe , and this 
conclusion is placed beyond doubt when we come to study the 
distribution of the forms of teirestrial and marine life 

We have gained a great step in obtaining an approximate 
estimate of the number of millions of years m which the average 
aqueous denudation going on upon the land would convey seaward 
a quantity of matter equal to the v oliime of our continents , ind 
this may afford us a gauge to the minimum of subterranean 
force necessaiy to counteract such levelling power of running 
water , but to discover a lelation between the periods required 
for the operation of these great physical ogencies and the rate 
at which species of organic beings var^ , is at present wholly 
beyond the reach ot our computation— though perhaps it may 
not prove eventuall} to transcend the powers of Man 

The rate of denudation m the concerning the piocess of earth 
Thames Valley, so fii as the le sculpture in the Noith American 
nioval of matter in solution is con continent, and especially of afford 
cerned, has been calculated, on what mg illustntions of the joint action 
appeal to be veiy tiustwoithydata, of the internal and external forces 
by Piof Prestwich (Annivcisaiy of theglob«,in giving rise to the 
Address to Geological Society, 1872), existing forms of its surface In 
and by Mr T Mellard Reade toi connection witli this subject, the 
the whole of England (‘ Soluble De essays of Piof W H Davis on the 
nudation,’ Address Geological So structure of Pennsylvania and New 
ciety of Liverpool, 1877) hoi Jersey m ly be studied with advan 
materials carried in suspension the tage, and also the writings of 
admirable memoir on the Mississippi Dutton, Gilbert, Spencer, and other 
by Messrs Humphreys and Abbot American geologists on the warping 
supplied the first data that could of the earth’s crust, and on the in 

be relied upon by geologists The fluence of this action in the forma 

subject has been discussed, m re tion of canons, lakes, and other 

spect to other iiver basins, m the surface features The zoological 

essays of J CroU and Sir A Geikie, evidence upon the question of the 
and the average rate of subaerial permanenceormutability of oceanic 
denudation may be regarded as and continental areas has been dis 
now fairly well ascertained The cussed by Mr Blanford (Anni 
various publications of the United versary Address to Geological 
States Geological Survey should be Society, ‘Quart Joum Geol Soc ’ 
consulted by the student as sup- vol xlvi , 1890 ) 
plyibg the most valuable details 



Section II Chronological Classification of Aqueous 
Rocks 


CHAPTER XI 

principles on which the classification 01 SEDIMIMARY 
ROCKS IS BASED 

Aqueous, Volcanic, Plutonic, and Metaraorphic locks consideied chrono 
logically— Terms Piimary, Secondary and Tcrti iry , Palaeozoic, Meso 
zoic, and Camozoic explained— On the diffeient ages of aqueous rocks 
—Principal tests of relative age superposition, miiicial characters, 
fossils and included fiagments— Faunas and floras deteimined b\ 
conditions, geogiaplucal position, and geological age— William Smith’s 
classihcation of Biitish deposits by th^ir organic remains- Danger of 
extending the paleontological method over wide areas— Homotaxv — 
Combination of physical and paloeontologual methods- Classihcation 
of Tertiary strata— Tabular Mew of fossiliferous stiata 

Cbronology of rocks — In the first chapter it r\d8 steted 
that the four great classes of rocks— the aqueous, the ^ olcanic, 
the plutonic, and the inetaniorphic— would each be considered, 
not only m reference to their mineral characteis and mode of 
origin, but also to their relatne age In regaid to the aqueous 
rocks, we have already seen that they aie stratified, that some 
are calcareous, others argillaceous or siliceous, some made up of 
sand, others of pebble*?, that some contain freshwatei, others 
marine fossils, and so forth , but the student has still to learn 
which rocks, exhibiting some or all of these characters, have 
originated at one period of the earth’s history, and which at 
another 

To determine this point m reference to the sedimentary and 
fossiliferous formations is more easy than in any other class , 
and it 18 therefore the most convenient and natural method to 
begin by establishing a chronology for these strata, and then to 
refer, as far as possible, to the same divisions the several groups 
of volcanic, plutonic, and metamorphic rocks Such a system 
of classification is not only recommended by its greater clear- 
ness and facility of application, but is also best fitted to strike 
the imagmation by bringing into one view the contemporaneous 
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revolution of the inorganic and organic creations of former 
tunes For the sedimentary formations are most readily dis 
tinguished by the remains of different species of animals and 
plants which they enclose , and of these animals and plants one 
set after another has flourished and then disappeared from the 
earth, each set leaving its relics behind as ‘ fossils,’ or, as they 
ha\e been tenned—not maptly— ‘ medals of creation ’ 

In the present work, therefore, the four great classes of rocks 
will form four parallel, or nearly parallel, columns in one chrono- 
logical table They will be considered as sets of monuments 
relating to contemporaneous, or nearly contemporaneous, senes 
of events Just as aqueous and fossiliferous strata are now 
formed in certain seas or lakes, while m other places volcanic 
rocks break out at the surface, so, at every eia of the past, 
fossiliferous deposits and supeificial igneous rocks weie in pro 
cess of formation contemporaneously , and at the same time 
deep seated chemical and mechanical actions led to the com 
plete crystallisation and recrystallisation of matenals both of 
Igneous and aqueous oiigin, thus giving rise to the rocks which 
we call plutoiiic and metamorphic 

The early geologists gave to all the crystalline and non fossili 
feious rocks the name of rriimtive or Priiinr), under the idea 
th it their foiiiiation was anteiior to the appearance of life upon 
the earth , while the aqueous or fossiliferous strata were termed 
Secondaiy, ind alluv la or other superficial deposits, I ertiarv ' 
The meaning of these terms has, however, been gradually modi 
fled with advancing knowledge, and they are now used to 
designate gicat chronological divisions under which all geological 
formations can be classed, each of them being characterised by 
the presence of distinctive groups of organic remains rather 
than by any phvsical peculiarities of the strata themselves 
The use of the term ‘Primary ’ is now almost entirely abandoned, 
but the teims ‘ Secondary ’ and ‘ Tertiary ’ are still used, though 
with ver} different significations attached to them To avoid the 
risk of misapprehension, geologists have introduced the term 
‘ Palicozoic ' for the rocks containing the oldest known forms of 
life, from TraXatoV, ‘ancient,’ and (mv, ‘an organic being,’ still 
retaining the terms ‘ secondary ’ and ‘ tertiary , ’ Professor 
Phillips, however, for the sake of uniformity, proposed ‘ Mesozoic ’ 
for secondary, fi-om peo-oy, ‘middle,’ &c , and ‘Camozoic’ for 
tertiary, from koivos, ‘ recent,’ «kc , the terms ‘ mesozoic ’ or 

* At a very early date it was appeared to form a link between 
noticed that certain hard rocks— the ‘Pi unary’ and ‘Secondary’ 
like slates, flagstones, and gray rocks These intermediate rocks 
wack^s, while containing fossils, were called by Werner and the older 
were partially crystallised, and geologists ‘ Transition rocks ' 
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secondary and ‘ camozoic ’ or tertiary may be employed as useful 
synonyms. 

The periods of time covered by the Palaeozoic were so great, 
as shown by the enormous thickness of the strata, that it is con 
venient to group the Palaeozoic rocks in two great divisions 
Some authors propose to call these divisions Proterozoic and 
Deuterozoio, but as these names have not come into general 
use, it will be convenient to speak of them as Older Palaeozoic 
and Newer Palaeozoic respectively We thus find that the 
series of fossiliferous locks fall naturally into the following 
four grand divisions or classes 
Cainoioic, or Tertiary 
Mesoxoio, or Secondary 
ITewer Palaeozoic (Deutcrozoic) 

Older Palaeozoic (Proterozoic) 

We sliall see m the sequel that each of these great classes of 
strata is divided into three systems 

It will also be shown that great masses of sedimentary 
rocks, some of them greatly metamorphosed, and associated 
with volcanic and plutoiiic locks, are found underlying the 
Pala-ozoic or the strata containing the oldest known fossils 
Agre of strata —For reasons alieady stated, wc proceed first 
to treat of the aqueous or fossiliferous formations, considered 
in chronological order or m relation to the different periods at 
which they have been deposited 

There are three principal tests by which we determine the 
age of a given set of strata first, superposition, secondly, 
mineral character , and, thirdly, organic remains Some aid 
can occasionally be derived from a fourth kind of proof, namely, 
the fact of one deposit including m it fragments of apre existing 
rock, by which the relative ages of the two may, even in the 
absence of all other evidence, be determined 

Superposition. — The first and principal test of the age of 
one aqueous deposit, as compared with another, is relative posi 
tion It has been already stated that, where strata are horizon 
tal, the bed which lies uppeimost is the newest of the whole, 
and that which lies at the bottom the most ancient Thus a 
senes of sedimentary formations are like volumes of history, m 
which each writer has recorded the annals of his own times, and 
then laid down the book, with the last written page uppermost, 
upon the volume m which the events of the era immediately 
precedmg were commemorated In this manner a lofty pile of 
chromcles is at length accumulated , and they are so arranged 
as to indicate, by their position alone, the order m which the 
events recorded m them have occurred. 
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In regard to the crust of the earth, however, there are some 
regions where, as the student has already been mtormed, the 
beds have been disturbed, and sometimes extensively thrown 
over and turned upside down But an experienced geologist 
can rarely be deceived by ese exceptional cases When he 
hnds that the stiata are hactured, curved, inclined, oi vertical, 
he knows that the oiigmal order of superposition ma} be 
doubtful, and he then endeavours to find sections in some 
neighbouring district wheie the strata are hoii/oiital, oi only 
slightly inclined Ileie, the tine oidei ot sequence ot the entne 
series of deposits being ascertained, a ke\ is furnished for 
settling the chionology of those strata where the displacement 
18 extreme 

It should be i einembered, however, that while this order of 
sequence is invaiiable, all the membeis of the series mav not 
everywhere be present Certain formations may never have 
been deposited m a particular area, or, if deposited, they may 
have been removed by denudation betoie later ones were thrown 
down Thus one of the youngest members of the senes may be 
found resting directlj on one of the oldest 

Mineral character - The same locks may often be observed 
to retain for miles, or even hundieds of miles, the same mineral 
peculiaiities, if we follow the planes ot stratifacatioii, oi tiace 
the beds, if tlic) be undistmbed, m a horizontal direction But 
it we pursue them \ erticall> , or m an> direction transverse to the 
planes of stratihcatioii, this umformit} ceases almost immediately 
In that case vve can siarcel) evei penetrate a stratified mass 
foi a lew hundred yards without beholding a succession of 
extremely dissimilar locks, some of fine, others of coarse, gram, 
some of mech uiical, others ot chemical, origin, some calcareous 
otlieis aigillaceous, and others siliceous These phenomena lead 
to the conclusion that iiveis, wind, and maiiiie currents have 
dispersed the same sediment ovei wide areas at one period, but 
at successive periods liav e caused the accuinnlatioii, in the same 
region, of veiy difiereiit kinds of materials The first obseivers 
weie so astonished at the vast spaces ovei which they were able 
to follow the same homogeneous rocks in a horizontal direction, 
that they came hastily to the opinion that the whole globe had 
been environed by a succession of distinct aqueous formations, 
disposed round the nucleus ot the jilanct, like the concentiic 
coats of an onion But although, m fact, some formations, like 
the chalk, mav be continuous ovei districts as large as the half 
of Europe, oi even more, >et most of them either terminate 
within narrower limits, or soon change their lithological charac 
ter, Sometmies they thm out graduallj, as if the supply of 
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sediment had faded in that direction, or they come abruptly to 
an end, as if we had arrived at the borders of the ancient sea or 
lake which served as their receptacle It no less frequently 
happens that they vary in mineral aspect and composition, as 
we pursue them horizontally For example, we trace a lime 
stone for a hundred miles, until it becomes more arenaceous, 
and finally passes into sand, or sandstone We may then follow 
this sandstone, already proved by its continuity to be of the 
same a"e, thioughout anothei district a hundred miles or moie 
in lengtii 

Organic remains —This character must be used as a test of 
the age of a foimation or of the contemporaneous origin of two 
deposits in distant places, under \ cry much the same restrictions 
as the test of mineral composition 

First, the same fossils may be tiaced over wide regions if 
we e\aiiime strata in the direction of their planes, although by 
no means for indefinite distances Sccondh, while the same 
fossils prevail in a particular set of strata foi hundreds of miles 
in a horizontal direction, we seldom meet with the same remains 
fui many fathoms, and veiy larely foi several liundred yards, in 
H vertical direction, oi a diiection transverse to the strata This 
fact has now been verified in almost all parts of the globe and 
Ills led to the conviction that, at successive periods of the past, 
the same area of land and water lias been inhabited by distinct 
assemblages of species of animals and plants It appears that 
from the remotest periods there has been cv er a coming in of 
new organic forms, and a dying out or extinction of those which 
pre existed on the earth some species have endured for a 
longer, others for a shorter, time, while none have ever re 
appeared after once dving out The law which has governed 
the succession of species, whether we adopt or reject the theorv 
of evolution, seems to be expressed m the verse of the poet, — 

N iluia il ftti 0 poi luppc la stampa — Aiuosio 
Nature made Jimi, and then broke the dn 

And this circumstance it is whith confers on fossils their highest 
value as chronological tests, giving to each of them, in the eyes 
of the geologist, that authority which belongs to contemporary 
medals in history 

The same cannot be said of each peculiar variety of rock , 
for some of these, as red marl and red sandstone for example, 
may occur at once at the top, bottom, and middle of the entire 
sedimentary senes exhibiting in each position so perfect au 
identitv of mineral ispect as to be undistmguisliable Such 
exact repetitions howevei, of the same mixtures of sediment 
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have not often been produced, at distant periods, in precisely 
the same parts of the globe , and, even wheie this has happened, 
we are not in any danger ot confounding together the monuments 
of remote eras, when we hav e studied their embedded fossils and 
their relative position 

Zoological provinces — It was leinarked that the same 
species of organic lemaiiis cannot be tiaeed horizontally, oi m 
the diiection of tlie planes of stiatihcation, for indefinite dis 
tances This might ha\ e been expected from analogy , for when 
we mqime into the piesent distribution of living beings, we hnd 
that the habitable surface of the sea and land may be divided 
into a considerable number of distinct areas or provinces, each 
peopled bv a pecuhvr assembligc of animals and plants The 
extent of these separate divisions and the origin of their in 
habitants depend on many causes of which climate, though 
certainly an impoitant, is by no means the only one 

As, therefore, different seas and lakes are inhabited, at the 
same period, in different zones and at various depths, by distinct 
assemblages of aquatic animals and plants, and as the lands 
idjoinmg these may be peopled by varied terrestrial species, it 
follows that distinct fossils will be embedded in contempo 
raneons deposits If it were otherwise -it the same species 
iboiinded in every climate, or in every part of the globe where, 
so far as we can discover, a eor responding temperatinc and othei 
conditions favouiable to their existence are found— the ideiitifa 
eation of mmeial masses ot the same age, bv means of their 
included organic contents, would be a mattei ol even greater 
certainty than it leally is 

Nevertheless, the extent of some single zoological provinces, 
especially those of maiine animals, is vciv great, and our 
geological reseaiches have proved that the same laws prevailed 
at 1 emote peiiods , foi the fossils are often identical throughout 
wide spaces and in detached deposits, consisting of rocks, varv 
ing widely in their mineral natuie 

The doctrine here laid down w'lll be more readily inidei stood 
if we reflect on what is now going on in the Moditenanean 
That entire sea may be considered as one zoological province , 
for, although certain species of moUusca and zoophytes may 
be very local, and each region (according to its depth, the tern 
perature and saltness of the water, and other conditions) has pro 
bably some species peculiar to it, still a considerable number are 
common to the whole Mediterranean If, therefore, at some 
future period, the bed of this inland sea should be converted 
into land, the geologist might be enabled, by reference to 
organic remams, to prove the contemporaneous origin of various 

k2 
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mineral masses scattered over a space equal m area to the half 
of Europe 

Deposits, for example, are well known to be now m progress 
in this sea in the deltas of the Po, Rhone, Nile, and other rivers, 
which differ as greatly from each other in the nature of their sedi 
ment as does the mineral composition of the niountams which 
they dram There aie also other quarters of the Mediterranean, 
as off the coast of Campania, oi neai the base ot Ltna, m Sicilv, 
or in the Grecian Aichipelago, where anothei class of locks is 
now forming , wheie showers of volcanic ashes occasionally fall 
into the sea, and stieams of lai.i ovciflow its bottom, and 
where, m the interv als betv\ een \ olcamc eruptions, beds of sand 
and clay are frequently deiived from the waste of cliffs, or the 
turbid waters of rivers lamcstones, inorcovei, such as the 
Italian tiavertms, aie heie and there precipitated horn the watcis 
of inmeml springs In all these detached foimatioiis, so dn eisi 
hed in their lithological characters, the lemaiiis of the same 
species of shells, corals, crustacca and fish are becoming en 
closed, or at least a sufficient number must be common to 
the different localities to enable the zoologist to refei them all 
to one conteinpoianeoub assemblage of species 

There iie, however, certain conibinations of gcogi ipliic al 
incunistances which cause distinct provinces of animals and 
plants to be sopaiated from each other by vorj nuirow limits , 
and hence it must happen that strata, on the same geological 
horizon, will be bometnnes formed in contiguous legions, diffei 
mg widely both in mineral contents and oiganic lemains Thus, 
for example, the testacea, zoophytes, and fish of the Red Sea 
are, as a group, distinct from those inhabiting the adjoining pai ts 
of the Mediterianeaii, the narrow isthmus of bue/ having acted as 
an efficient barriei Calcareous formations have accumulated on 
cl great scale m the Red 8 ea in modern times, and fossil shells 
of existing species aie well piescrved therein , and wc know that 
at the mouth of the Nile large deposits of mud aic iniassed, in 
eluding the remains of Mediterranean species It follows, there 
fore, that if at some future period the bed of the Red bea 
should be laid dry, the geologist might expeiience great difficul 
ties in endeavourmg to ascertain the relative age of these forma 
tions, which, although dissimilar both in organic and mmeral 
characters, were of synchronous origin 

But there are some species of moUiisca common to the Medi- 
terranean and the Red Sea, and their presence would suggest to 
the geologist of the i emote future a more or less complete 
synchiomsm 

111 some parts of the globe the Ime of demarcation between 
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distinct provinces of animals and plants is not very strongly 
marked, especially where the change is determined by tern 
peratnre, as it is m seas extending from the temperate to the 
tropical zone, or from the temperate to the Arctic regions 
Here a gradual passage takes place from one set of species to 
another In like manner, the geologist, in studying particular 
formations of i emote periods, has sometimes been able to trace 
the gradation from one ancient province to another, by care 
fully observing the fossils of all the intermediate places His 
success m thus acquiring a knowledge of the zoological or 
botanical geography of very distant areas has been m iinly owing 
to this encumstance, that the mineral character has no tendency 
to be atfected b;y climate A large iivei may convey yellow oi 
led mud into some pait of the ocean, where it ma^ be dispersed 
by a current o\ei an iiei seveial hundred leagues m length, so 
as to pass fiom the tropics into tlic tempeiate zone It the 
bottom of the sea be afterwards upraised, the organic rem iins 
embedded m such >ellow or red strata may indicate the different 
animals or plants which once inhabited at the same time the 
tempeiate .ind equatoriil regions 

It 18 a general rule that groups of the same species of 
animals and plants may extend over wider ar 6 as than deposit^! 
of homogeneous composition , and thus paleontological charac 
ters are of more importance m geological classification than the 
test of mineral composition 

Test by included fragments of older rooks —It was stated 
that proof may sometimes be obtained of the lelatne date of 
two formations, by fragments of an older rock being included 
111 a newer one This evidence may sometimes be of great use, 
where a geologist is at’a loss to determine the relative age of 
two formations from want of clear sections exhibiting their true 
order of position, oi because the strata ot each group are 
vertical In such cases wo sometimes discov er that the more 
modern rock has been in part derived fiom the degradation of 
the older Thus, for example, we may find chalk in one part 
of a country, and in another strata of cla;^, sand, and pebbles 
If some of these pebbles consist of that peculiar flint, of which 
layers more or less continuous are characteristic of the Chalk, 
and which include fossil shells, sponges, and foramimfera of 
Cretaceous species, we may confidently infer that the chalk was 
the older of the two formations 

Ohronolofioal froups —The separate groups into which 
the fossiliferous strata may be divided are more or less nume 
rous, according to the views of classification which different 
geologists may entertain , but when we have adopted a certain 
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system of arrangement we immediately find that a few only of 
the entire series of groups occur one upon the othei in any 
single section oi district 

The thinning out of individual strata was before described 
(p 37) But let the annexed diagram represent seven fossili 

Fig 113 



feious group's, msLcad of as mam strata It will then be seen 
that in the middle all the supeiimiiosed formations are present , 
but in consequence of some of them thinning out, No 2 and 
No 5 are absent at one extremity of the section, and No 4 at 
the other 

In another diagram (fig 114) a true section of the geological 
formations in the neighbourhood of Bristol and the Mendip 
Hills IS presented to the reader, as laid down on a natural scale 
by Sir A Ramsa\, where the newer groups 1, 2, 8, 4 rest 

Fig 114 





‘'CctJon ^outli of Bristol (A C Runi'^aj ) 

Length of section 4 milis «, b Level of the bin 

1 Infenor Oolite 2 Liu'i 3 New Red 'Sandstone 4 Dolomitie or magnesian 
conglomerate 5 Upper coal measures (sliales, &c ) 8 Pennant rock (sand 
atone) 7 Txiw er coal measures (shale"!, &e ) 8 Carboniferous or mountain 
limestone, w !th lower limestone shale at its base 9 Old Red Sandstone 

unconformably on, and overlap, the formations 7, 6, 7, and 8 At 
the southern end of the line of section we meet with the beds 
No 8 (the New Red Sandstone) resting immediately on Nos 7 
and 8, while farther north, as at Dmidry Hill m Somersetshire, 
we have eight groups superimposed one upon the other, compris 
ing all the strata from the inferior oolite, No 1, to the coal and 
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carbonifeioub limestone The limited horizontal extension of 
the groups 1 and 2 is owing to subsequent denudation, as these 
formations end abruptly, and have left outlying patches to attest 
the fact of their ha\ing origmally covered a much wider area 

In order, therefore, to establish a chronological succession of 
fossihferous groups, a geologist must begin with a single section 
in which several sets of strata he one upon the othei He must 
then trace these iormations, bv attention to tlieir rmneial 
cliaractei and fossils, continuously as fai as possible, horn the 
staituig point As often as lie meet^ with now groups, he must 
ascertain their age, relatively to those lirst examined, bv super 
position, and thus learn how to mteicalate them in a tabulai 
arrangement of the whole 

By this means the German, French, and English geologists 
have determined the succession of strata thioughoiit the greater 
part of Euiope, and have adopted pretty generally the groups 
enumerated in the table at the end of this chapter, p 145, 
almost all of which have their representatives in the British 
Islands 

It must be understood, however, that, although in a given 
locality there may be a physical break— unconformity— and 
also a palaeontological break — change in fossils— between two 
successive groups of strata, these evidences of lapse of time will 
not be discovered universally and wherever the two groups are 
present Somewhere or other, strata of intervening age w 11 be 
found to exist , or the gioups will pass insensibly one into the 
other, in this wayoui classificatory distinctions will be iouiid to 
bleak down 

All stiatigiaphical schemes art therefore moie oi less aiti 
hcial and arbitral y, and they eaimot be applied umveisally, Im 
the ‘breaks, on which such schemes aie based, did not occui 
contemporaneously over the whole globe 

From what has been stated, it may be accepted as a general 
but not a perfectly strict truth, that strata of diffeient countries 
which contain the same species of fossils are of similar geological 
age Such strata are said to be ‘ equivalent,’ or ‘ on the same 
geological horizon,’ and these terms are used max ery wide sense 
But the strata containing the same species of fossils may be 
widely separated, geographically, and this fact is opposed to the 
idea of exact contemporaneity, for it took time for the species 
to disperse themselves over wide areas 

Chronoloffloal lequence of Siitlah strata.— The pimciple 
that strata, whatever their mineral characters, and however 
disturbed m their positions, maij he identified by their organic 
remains^ was first clearly enunciated at the end of the last 
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century by the famous William Smith, ivho has been ]ustlv 
called ‘the P'ather of English Geology’ It so happens 
that in England we find, within a \ery small area, representa 
tives of the whole senes of sedimentary formations— lying m 
their proper sequence, and crowded i\ith exquisitely preserved 
fossils, but in slightly tilted positions, and with their edges 
exposed by denudation Wo uho Ine in this eonntri ha\o 
therefore exceptional facilities for studying stratigraphical geo 
logy, ind foi making out the nature and succession of the 
fiunas and floras winch distinguish the several sedimentaiv 
formations Vs a mattei of fait, the ordei of succession of 
stiata was fust determined m the British Islands bv 'Willnm 
Smith and his follnweis, and the scheme of c lassification which 
he elaboiated was gi idualh extended from this tountr\ to the 
contmenV of Eiuope and thence to other paits of the world 
The names still applied to the principal, and even to manv 
of the subordinate, groups of strata aie those which vveie given 
to them by William Smith oi his followers 

ilium Siiutli s table of strata published with the fust 
edition of his geological in ip of I ngland and A\ ales, m IBl'i-lG, 
showed the true older of succession of the Bntish formations 
from the caibonifeious limestone to the chalk, inclusive With 
respect to tlie rocks winch underlie the carboniferous, however, 
this gieat pioneer in geological investigation found himself 
unable to apply the iiiijuntaut pimciples he had discovered , but 
a quartei of a centur-v later the labours of hedgwick, Murchison, 
and Lonsdale, carried on upon the lines l.ud down by Smith 
resulted m the establishment of the older geological systems is 
undei stood af the present dav With lespeet to tlio strata ovci 
lying the chalk. Smith fell into some serious errors, which weie 
(ml> linallv got ricl of bv the ext( nsion of the pakeontological me 
thod ulvoc itcd m the first edition of the ‘ Ihmciples of Geology 
Caution necessary In usini; tbe Paleeontolog-lcal Me- 
thod —But, fiom what we have said in jiri ceding paiagraphs, 
it will be obvious that the list of fossils for the identification of 
strata calls for a certain amount of caution 

In the fiist place, it is obviously necessai^ that wt should 
satisfy ourselves that the fossils we find in a bed are really the 
lemains of organisms that were living when the beds containing 
them were deposited 

William Smith made out his order of succession of strata m 
the first instance in the district between Bath and Bristol, while 
making a survey for the construction of a canal He soon saw, 
however, that besides the regularly stratified formations, claj , 
sand, and limestone, each containing its peculiar (‘ eharacteris 



CH. xi] TITL rvLifOXTOLOGICAL METHOD IST 

tic ’) fossils, there were masses of sand and gravel in which all 
these fossils were found mingled indiscriminately Careful 
examination, however, soon convinced him that the fossils m 
the gravel were all derived ones, that is, had been washed out 
of older beds, and this fact was inferred from their waterworn 
characters, the differences m their mode of mineralisation, and 
the circumstance that they often contained portions of a matrix 
quite different from that of the deposit m which they are now 
found In appealing to fossils as indicating the geological age 
of a sti atnm, therefore, we must be perfectly satished that they 
belong to the formation, and are not derived The importance 
of the principle will he sten when wt come to study the strata 
known IS the ‘ crags 

In the second place, we must lemeiubei that (inasmuch as 
distinct toims of shells, comls sponges, Ac, inhabit different 
depths of the ocean, and particnlai assemblages of animals and 
\egetables Honnsh on sandy oi muddy bottoms respectively) 
stiata formed m the same district, during a particulai period 
cannot be expected to exhibit identical fossils Geologists soon 
learn to lecogmse tliat each period has its shallow water and 
its deep-water forms, and that difterent assemblages of species 
occm m the clays, sands, ind limestones of the same formation 

In the third place it must be lemembered that, as we have 
a geographical distribution of life forms at tlio present day, 
there are clear evidences of a similar geographical distribution 
of animals and \egetables dining the earlier periods of the 
earth’s history Hence, while Avithin a more oi less limited 
area we may expect to find a particular assemblage of fossils in 
a geological formation, we must be prepared m distant areas to 
find these particular fossils moie oi less completely wanting, 
and their place taken by an cqimalentoi representative group 
of fossils, belonging to the same period, but to a different /oo 
logical pi 0 Vince 

\N e thus see that the fossil flora oi fauna ‘ found m a toima 
tion at a particulai locality is a function (to use a mathematical 
expression) of three variables The assemblage of life forms 
depends first on the conditions that pievailed when the beds 
were deposited— such as depth of watei, climate, nature of sea 
bottom, &c , secondly, on the particular zoological province m 
whicli the locality was situated, and thirdly, on the geological 
period at which the beds were formed W e must always be on 
our guard to avoid assigning to differences of geological age 

‘The 'iBserablage of animal planta its ‘ tioia ’ Thus we speak of 
foims in a particular area oi stra ‘the British floia,’ ‘the Mediter 
turn IS called by naturalists its ranean fauna,’ ‘the Cretaceous 
‘fauna,’ and the* assemblage of fauna, ‘the Carboniferous flora,’ &c 
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changes of floia oi fauna which maj be due to ditfeiences of 
condition or of geographical position 

Klmlta of the Palaeontologrloal Methodt Bomotaxy. — 

There is another important consideration to which the atten 
tion of geologists T\a8 especially called by the late Mr Godwin 
Austen Upon a gradually rising oi sinking ocean floor different 
areas may successively exhibit the same peculiarities of depth of 
water, temperature lic , and the forms of life which affect those 
conditions ma\ be natmally expected to migiate ftom the old 
areas wheietlie conditions have become iinfav curable, into those 
new areas whei e the fav curable conditions apjiear Thus, m the 
stiatum known is the Uppei Giecnsand, which was evidenth 
deposited m shillow water neai a sinking coist line, belts of 
similai sediment of different age, but cont lining the same fossils, 
would be successively formed, and these will be taken b;y the 
geologist to be of contemporaneous foi mation It is nevertheless 
evident that long periods of time may have elapsed between the 
deposition of one part of the Upper Gi eensand and another part 
of the same stratum or formation 

This brings us to the consideration of the meaning of the 
term ‘synchronous’ or ‘contemporaneous’ as employed b} 
the geologist Even the historian employs such a term with 
consideiable latitude, but geologists, who are quite unable to 
assign teims of years for the great periods with which they have 
to deal, must necessarily use the word contemporary m a much 
more general sense even than the historian Two beds aie 
said to be contemporar) bv the geologist, when the time between 
the periods of fheir deposition does not appear to have been 
sufficient for any marked change in the foims of animal and 
vegetable life" But, as forms max migrate without change, the 
term ‘ geological contemporaneity ’ can have only a very general 
application Of two great sv stems of stiata in distant paits of 
the globe it can fiequently only be said that they have a like 
position in the great geological record In these cases, as 
pointed out by the late Professor Huxley, it is safer to employ 
the teim ‘horaotaxy,’ signifving a similarity of arrangement, 
instead of ‘ contemporaneity ’ oi ‘ synchronism,’ which conveys 
the idea of absolute identity in time 

FreQuent unoonformabillty of strata.— Where the widest 
gaps appear m the sequence of the fossil forms, as between the 
Permian and Triassie rocks, oi between the Cretaceous and 
Eocene, examples of stratigraphical unconforraability are v ery 
frequent But they are also met with in some part or other ot 
the world at the junction of almost all the other principal 
formations, and sometimes the subordinate divisions of any one 
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of the leading groups may be found lying unconformably on 
another subordinate member of the same Instances of such 
irregularities in the mode of succession of the strata are the 
more intelligible as we extend our survey of the fossihferous for 
mations over vider areas, for we are continually bringing to 
light deposits of intermediate date, ivhich have to be intei 
calated between those prev lously know n these deposits reveal 
to us a long senes of events which, intecedcntlv to such di'^ 
coveries were quite unsuspected b\ us 

But w'hile uneonformabihty nvariabh bears testimorn to a 
1 ipse of nniepresented time, the conformabihty ot two sets ot 
strata in contact by no means implies that the newer foimation 
immediateh succeeded the oldei one Ft simply indicates that the 
ancient locks were sub]ected to no movements of such a natuie 
as to tilt, bend, oi break them before tlie moie modern foima 
tion vv as superimposed It does not show that the earth s crust 
was motionless in the legion m question, for there may have 
been a gradual sinking or rising, extending uniformly over a 
large area, and yet during such movement the stratified 
rocks may have retained their original horirontahty of position 
Strata possessing very different animal remains and different 
kinds of rock may still be conformable, v et great changes must 
have occurred There mav have been a conversion of a wide 
area from sea into land and from land into sea, and dm mg these 
changes of level some strata may hav e been slowly remov ed by 
aqueous action, and aftei this new strata may be superimposed, 
differing perhaps m date b\ thousands of ycais or centmics, and 
vet resting conformably on the older set There may even be .i 
blending of the matenals constituting the older deposit with those 
of the newer so as to give use to a passage m the mineial 
cliaracter of the one rock into the othei as if theie had been 
no break or inteiruption in the depositing piocess 

Imperfection of the record — Althougli, by tlie fiequent 
discovery of new sets of mteriiiediate strata, the transition from 
one ty pe of organic remains to anothei is becoming less and less 
abrupt, yet the entire series of records appears to the geologists 
now living far more fragment iiy and defective than it seemed 
to their predecessors a century ago The earlier inquirers, as 
often as they encountered a break in the regular sequence of 
formations, connected it, theoretically, with a sudden and violent 
catastrophe, which had put an end to the regular course of events 
that had been going on unintemiptedly for ages, annihilating at 
the same time all or nearly all the oiganic beings which had pre- 
vious! v flourished, after which, order being re established, a new 
peyi^s of events was initiated In proportion as our faith in 
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these views grows weaker, and the phenomena of the organic or 
inorganic world presented to us by geology seem explicable on 
the h5pothe8is of gradual and insensible changes, varied only by 
occasional con\ ulsions, on a scale comparable to, though it may 
be tai greater than, an^ witnessed in historical times, and in 
pioportion as it is tlionglit possible that former fluctintions in 
the oiganic woild may be due to the indefinite \ariability of 
species without the necessity of assuming new and independent 
acts of creation, the number and magnitude of the gaps which 
still remain, or the e\treme imperfection of the leoord, become 
raoie and more sti iking, and what we possess of tlie ancient 
annals of the earths histor\ appeals msignihc int when con 
Hasted with that which his been lost 

It 18 obsened that strata, in proportion as tlie> lie of newei 
date, hear the nearest lesemblance m imnei il chaiacter to those 
which arc now m piocess of fonnation m seas oi lakes, the 
newest of all consisting principal^ of soft mud or loose sand, m 
some places full of shells, cor vis, or othei organic bodies— animal 
or vegetable— m others wholly devoid of such lemams The 
farther we lecede from the piesent time, and the highei the 
antiquity of the foimations which wo examine, the gieatei, as i 
general rule, aie the changes which tlie sedmientaiy deposits 
have imdergone Time, as has alieady been explained, lias 
multiplied the effects of alteration by piessme and solution, and 
the modifications brought about by heat, pressiiie, contortion, 
upheaval, and denudation The oigamc remains have sometimes 
been obliterated entiiely, oi the mineial mattei of which Ihev 
were composed has been removed and leplaced by othei sub 
stances 

Whj newer groaps sbould be studied first —We like 
wise obsene that the older tlie locks the moie widely do then 
oiganic leraains depait from the types of the li\ing creation 
Thus we find m the newei T’ertiary locks a few species which no 
longer exist, mixed with man> living ones, and then, as we go 
farthei back, many genera and families at piesent unknown 
aie met with, until we come to strata in which the fossil lelies 
of existing species and genera aie nowhere to be detected, while 
families and orders of animals and plants wholly unrepresented 
m the living world begin to be conspicuous 

When we study, therefore, the geological records of the eaith 
and its inhabitants, we find, as m human history, the defectiv e 
ness and obscurity of the monuments always increasing, the 
remoter the era to which we refer, the rocks becoming moie 
generally altered and crystalline the older they are, and the 
difficulty of determining their time chronological relations 
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becoming more and more enhanced, especially when we are 
oomparmg those which were foimed m very distant regions of the 
globe Hence we ad\ance with faecuier steps when we begin 
with the study ot the geological records of later times, proceeding 
from the newei to the older, or from the more to the less known 
In thus inverting what might at first seem to be the more 
natural ordei ot historical reseaich, wo must boar in mind that 
each ot the peiiods above enumeiated,even the shoitest, such as 
the Post tcitiary, oi the Pliocene, Miocene, or Eocene, embraces 
a succession ot e^ents of vast extent, so that to giie a satis 
factory account of what we already know of an\ one ot them 
would require man^ volumes When, therefore, we study one 
ot the newet groups befoie endeavouung to deciphei the inonu 
ments ot an oldei one, it is like endeavouring to mastci the 
histoiy ot oui own countiy and that ot some contempoiarv 
nations, betoio we enter upon Roman History, or like mvestiga 
ting the annals of Ancient Italy and Greece before we approach 
those of Egypt and Assyiia 

The geological i ecord is so much more complete in the case 
of the Tertiarv or > oungest strata, that geologists have been led 
to adopt piinciples ot chionological classihcation with respect to 
them which vie souuwliat diftoront fiom those that liavo been 
tound suitable when dealing with the imuh more fragmental y 
lecords of the Meso/oic and Palaeozoic Eras 

The Tertiary or Caino/oic strata were so called because they 
were all posterior in date to the Secondary series, of which last 
the chalk 01 Cretaceous constitutes the newest group The 
whole of the Tertiaries were at first confounded with the super 
hcial alluvia of Europe , and it was long before then real extent 
and thickness, and the various ages to which they belong, were 
fully recognised They w ere observed to occur m patches, some of 
fi esh water , othei s of marine oi igm, their geographical extent being 
usually small as compaied with that of the Secondary formations, 
and their position often suggesting the idea of their hav mg been 
deposited m diffeicnt bays, lakes, estuaries, or inland seas, aftei 
a large portion of the space now occupied by Em ope had alreadv 
been converted into dry land 

The first deposits of this class of which the characters were 
accurately determined, were those occurring in the neighbour 
hood of Pans, described in 1810 by Cuvier and Brongniart 
They were ascertained to consist of successive sets of strata, 
some of marine, others of freshwater origin, lying one upon the 
other The fossil shells and coials were found to be almost 
all of imknown species, but to have a general affinity with 
those now inhabiting waimei seas The bones and skeletons of 
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land aniiiiaK, some of them of large si/e, and belonging to more 
than forty distinct species, were e\amined by Cuvier, and 
declared bv him not to agree either specifically , oi e^ cn gene 
iicall), with any hitherto observed m the living creation 

Stiata weie soon afterwards brought to light in the vicinit\ 
of London, and m Hampshire, which, although dissimilar in 
mmeial composition, wcie iiisth inferred b> Webster to be 
of the same age as those of Pans, because the greater number 
of the fossil shells weie spccihcally identical hor the same 
reason, rocks found m the Onondc, in the South of France, 
ind at ceitain points m the North of Italy , were suspected to bi 
of contempoianeous origin 

Anothu important discover! was soon afleiw aids made 1)! 
Liocchi in Jtilv He investigated the aigillaceous and sandv 
deposits repleti with shells, which foim a low lange of lulls 
fiankmg the Apennines on both sides, fiom the plains of the 
Po- to ( alabiia These lowei hills weie called b\ him the bub 
apenmnes, and were found to consist of strata chiefly marine, 
and newel than those of Pans and London 

Anothei tertian gioup occuinug in the neighbourhood of 
Boideaux and i)a\, m the bouth of Iianco, was evammed b! 
Basterot m 182o, ind he desciibcd and figured several him 
died species of shells, which differed for the most pait both fiom 
the Parisian senes and those of the bubapenmne hills It was 
soon, theiefoie, suspected that this fauna might belong to i 
})eri()d mtcrincdiate betw^cen that of the Pansiaii and Subapen 
lime stiata, and it was not long before the evidence of supei 
position was biought to bear in suppoit of this opinion fin 
othei stiata contemporaneous with those of Boideauv were 
observed m one district (the Valley of the Lone) to oveilic the 
Paiisian foimation, and in anothei (in Piedmont) to undeilie 
the bubapenmne beds The fiist example of these was pointed 
out m 1829 by Besnoyers, who iiscertamed that the sand 
and mail, full of sea shells and eoials, oeemung near Toms, 
m tlie basin of the Loire, and called Faluns, lest upon a 
lacustrine formation, which constitutes the uppermost snbdivi 
Sion of the Parisian group, extending eontmuously throughout 
a great table land intei veiling between the basin of the Seme 
and that of the Loire The other example occurs in Italy, where 
strata containing many fossils similar to those of Bordeaux, 
were observed by Bonelli and others in the environs of Turin, 
subjacent to strata belonging to the bubapenmne group of 
Brocchi Long afterwards, the superficial layers which cover 
many of these, and which have their stones scratched and 
polished, were found to contain Aictic shells 
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Value of fossil mollusca in olasslfioation —It will be 
observed that in the foiegoing allusions to organic remains the 
shell bearing mollusca are selected as the most useful and 
convenient class for the purposes of general classification 
In the fiist place, they are moie universally distributed 
thioiigh strata ol every age than any othei organic bodies 
Those families of fossils which are of raie and casual occurieiice 
are of little use in establishing a chronological arrangement 
If we have plants alone in one gioup of stiata and the bones 
of mammalia in anothei, we can draw no conclusion respecting 
the affinit} or discoi dance of the organic beings of the two 
epochs compared, and the same ma^ be said if we have plants 
and vertebrated animals in one senes and only shells in anothei 
Although cords ire more abundant, m a tossil state, than 
plants, icptilcs, Ol fish, they are still lare in comparison with 
shells, because thev arc more dependent foi their wellbeing 
on the constant clearness of the water, and aic, theiefore, less 
likelv to be included in locks which enduie in consequence of 
then thickness and the copiousness of sediment which prevailed 
when they oiigmated The utility of the mollusca is, morcov ei, 
enhanced In the (ik umstance that somcfoims aio pioper to the 
sea, others to the 1 iiul, and othei s to fusli watei Rivers scarcely 
ever fail to cany down into then deltas some land-shells, to 
gether with species which aie at once fluviatile and lacustrine 
Rv this me ms v\c learn what terrestiial, fresh w iter, and marine 
species coexisted at particular eras of the past , and having thus 
identifaed strata formed m seas with others which originated 
contempoianeoush in inlaiul lakes, we aie then enabled to 
idvaiicc a step faithei and show that ccitiin quadnipeds oi 
iquatic plants, found fossil in lacustimc formations, inhabited 
the globe at the same period when certain fish, reptiles, and 
/uojihytes lived ni the ocean 

\mong othei chaiacteis of the molluscous aninuls, wlncli 
undei them exticmeh valuable m settling chronological qiics 
tioiis m geology, ma) be mentioned, first, the wide geographical 
lange of many species md, secondly, what is probably a con 
sequence of the former, the great duration m tunc of some species 
in this class, foi they appear to have surpassed in longevity the 
greater number of the fish and mammalia Had each species 
inhabited a very limited space, it could never, when embedded in 
strata, have enabled the geologist to identify deposits at distant 
points o\ei laige aieas , or had thev each lasted but for a brief 
peiiod, thev could have thrown iio light on the connection of 
rocks placed far fiom each other in the chioiiological, or, as it is 
sometimes termed, the vertical senes 
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Glasflfloatlon of Tertiary strata.— In the first edition 
of the ‘ Principles of Geology ’ the whole of the Tertiary 
formations were divided into foui groups, chaiacterised by 
the percentage of lecent shells which they contained The 
lower tertiary strata of London and Pans weie thought b> 
Deshajes to contain only 3^ per cent ot recent species, and 
were termed Eocene The middle tertiarj of the Loire and 
Gironde had, according to the specific determinations of the same 
eminent conchologist, 17 j)er cent , and foimed the Miocene divi- 
sion The Subapennme beds contained 37 to 50 pel cent , and 
were termed Older Pliocene, while still moie recent beds m Sicih , 
which had from 90 to 95 per cent of species identical with those 
now li\ing, were called Newer Pliocene The first of the above 
terms. Eocene, is derived from r^ois^eos^daivn, and Kaivoc, camos, 
recent^ because the fossil shells ot this period contain an e\ 
tiemeh small proportion of living species, which may be looked 
up"on as indicating the dawn of the existing state ot the raollus 
can fauna, no recent species (with one or two exceptions) 
having been detected in the older oi secondary rocks 

The term Miocene (tiom /iftoi/, meion, /cs«, and^emvo?, camos, 
Uiint) IS intended to express a minor proportion ot recent 
species (ot mollubca), the teim Pliocc ne (fiom rrXctoi/, pleion vtoi e 
and Kaim, camos, ie(en{), i compaiative pluialit> ot the same 
It mav assist the memoiv of students to lemiiid them, that the 
d/mcene contain a n/tnoi propoition, and P/iocene a compaiu 
in e plurality of lecent species , and that the grealei number ot 
recent species always implies the moie model n oiigin ot the 
strata 

bubsequenth to this classification, Heyrich toimded tlio 
‘ Oligocene ’ as a division intermediate between the. Eocene 
proper and tlie Miocene This division includes the Lowci Mio 
cene tormatioiis ot oldei wiitcis togcthei witli much ot then 
Upper Eocene bencs Nummuhtes, so abundant m the Eocene, 
became scarce and degenerated in the Oligoeene sei us, which 
111 Eiuope contains very important tiesliw itei beds with mam 
malian remains, as well as marine deposits 

Since the year 1830 the number ot known shells, both recent 
and fossil, has largely increased, and their identification has been 
more accurate Hence some modifications have been required 
in the classifications founded on less perfect materials The 
Eocene, Oligocene, Miocene, and Pliocene peiiods have been 
made to comprehend certain sets ot strata, of which the fossils 
do not always conform strictly, in the numerical piopoitions ot 
recent to extmet species, with the definitions fiist given to those 
divisions or which are indicated in the etymologies of the terms 
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There is such convenience in distinguishing between the 
earlier Teitiiry strata in which only a small minority of tlu 
fossil shells are found luing m the existing seas, and the latei 
deposits in which a very considerable proportion of the shell'^ 
are still living, that we shall follow the geologists of Eastern 
Europe and North Amenca in adopting a twofold division tor 
the great mass of the Caino/oic rocks Wo shall speak of the 
earliest Teitiary strata as Older Tertiaries, as the term has long 
been in use in this country, in the United States, andm Eastern 
Europe, this division is often called ‘ Elogene ’ The Newer Tei 
tiaries of English authois aie called by the Austiian geologists 
‘ Neogene,’ and by those of the United States ‘ Neocene ’ 

It will be convenient to give at this point a sumniar\, in the 
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form of a table, of the general sjstem of classification of strata, 
according to their geologic li age, wliicli has now been generally 
adopted by geologists 

It must be borne in mind that this classification ot geologica 
periods is m the mam the lesiilt ot studies earned on in the 
British Islands and Western Europe, and that if the science ot 
stratigraphic il geology had originated in Eastern Europe, Indn, 
Austialia, oi the United States, the great divisions which would 
have been adopted and the limits between them would havi' 
been altogethei diffeient 

Even among European geologists thei e is consideiable di\ei 
sit\ m opinion and piactice as to tlie delimiting and naming of 
the gieat geological b\ stems md of their pnncipal snbdn isions 
rims, boiiie authors make the lower poition of the Cretaceous a 
distinct Rv stem calling it ‘ Ncoconnan, wliih otheis divide tin 
InraRfiac into two, the Liassic and Oolitic It may he some aid 
to tlu nieraon to adopt the foin gicat classi s of stiata, each in 
(hiding three ’'\ stems, as shown in the Tabic Sonit Fnglisli 
anthois still tollow AJmchison in combining the Siluiian and 
Oidovician, and naming tht lattei ‘ Lower biluiian ’ 

The Tabic takes account only of marine foimations, but it 
must be lemembc red tint in addition to these theie aie gieat 
svstems of strata of ficshwatei origin, like the Wcalden and the 
Old Red Sandstone Eventually it maybe mcessarj to have 
two distinct schemes of classification for stiatificd rocks, one to 
include strata of marine origin, the other for fieshwater and 
teirestrial deposits The limits of the systems and other sub 
divisions in these two schemes, conld not be expected to agree 
In giving names to the groups of strata of different ordeis of 
magnitude, and the divisions of time which they represent, we 
have followed tlic scheme pioposed l)y the International Geolo 
gical Congress, with the modifications suggested by Mr Blanfoid 
The distiibution of the seveial systems of strata and oi 
tlieii mam subdivisions in the sonthein part of Gieat Britain is 
shown 111 the map forming the frontispiece to this volume 

Tliepiinciples of geologicakkis Poisistent lyjx s of Life, ippnnted 
Rification have been discusHed by in Ins collected essays The stu 
Professor Huxlev in Ins address to deUt should also consult Mi Blau 
the Geological Society in 18b2 on fold’s addiesse', to tin Gcologit il 
'Geological Contenipoianeitj nid 'society in 1889-90 
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('HAPTER MT 

Mil PLnsiOtlM PJ FIOD WITH THE CIVCI^L FPIs(H)r 

I sp nl tli( Uinis plustofene, ‘leunt,’ and ‘ human '—\rollnsca of 
thf Plpi'^fcocenc pcnotl— Mammalia of the Pleistocene period—bhoitei 
duration ot mammalian as oompaied witli molluscan species— Geo 
giaphical distiibution ot m un nalia in Pleistocene times similar to that 
at present day— Remainb of man — Flint implements — Shell mounds- 
Cavern deposits— Valley gia\ els— High and low level gravels— Brick 
earth— Loess—Lacustrine deposits—Estuarine deposits— Marine de 
posits— Subdivisions of the Pleistocene peiiod— Pre glacial — The 
Glacial period— Origin of Boulder clay— Glacial lakes and other 
phenomena of glaciated districts— Post glacial, Pluvial, and Champlain 
periods— PaliBolitluc and Neolithic— Copper, Bronze, and Iron Ages 

Womenclature and olassifloatlon of tbe PleUtooene 
deposits — The youngest of the divisions of the Newei Tertiary 
system is known as the Pleistocene, or Post pliocene The 
terms ‘ Post tertiary ’ and ‘ Quaternary ’ have also been applied 
to the pel locl by some authors , but these names may fairly be 
objected to on the giound that they imply the existence ot 
differences between these youngest strata and the othei Tertiary 
rocks, whicli iie not borne out w'hen a careful comparison is 
made ot then oiganic remains The term ‘ Pleistocene,’ pi o 
posed by L\cll in 1839 as a synonym for Newer Pliocene, was 
used by the late Edward Forbes as the equivalent of Post 
pliocene, and has now passed into general use with that signifi 
cation 

The very latest deposits of this period aie sometimes dis 
tmguished by the terms ‘ lecent ’ and ‘ human ’ To the use of 
the former term it may be objected that cases constantly occur 
in which it IS impossible to draw a boundary line between the 
recent and other Pleistocene deposits The employment of the 
term ‘human period’ is equally inconvenient, seeing that 
geologists are by no means agreed as to the exact part of the 
Pleistocene'period at w hicli man made his appearance on the 
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paith, while some observers ha^e even maintained that theie is 
evidence of his existence in pre Pleistocene times 

Characteristics of the fauna and flora of the Plelsto 
cene deposits — The shells found m these Pleistocene deposits 
belong, almost without exception, to species still living on the 
e irth It IS woithy of remark, howexer, that the geographical 
distribution of these mollusca was in Pleistocene tunes xeiy 
difFeient from that of the present day In not a few cases we 
hnd in the Pleistocene deposits of the British Islands and North 
America an assemblage of shells now only found in much highei 
latitudes, wheie the temperature of the sea is much colder than 
that both of the British Islands and ot the Atlantic shore of the 
United States 

The shells figured below are only a few out of a large 
assemblage of living species, which taken as a whole, beni 



testimoii\ to conditions f ii more antic thin those now }»ie 
X ailing m the bcottish s/as Ihit a gioup of maime shells 
indicating a still greater excess of cold has been brought to 
light from glacial drift or clay on the bordeis of the estuaries ot 
the Forth and Ta> This clay occurs at Ehe in Fife, and at 
Frrol in Perthshire , and has alread\ afforded about thirty hxe 
shells, all of living species, and now inhabitants of Arctic regions, 
such as Leda trumata, Brown, Telhna calcar ea, Chem (see 
figs 121, 122), Pecten grcenlanthcvsy Soxv , Crenella Icevigata, 
Gray, Crenella nigra, Gray, and others, some of them first 
brought by Captain Sir PI Parry from the coast of Melville 
Island, latitude 76° N These were all identified m 1863 by 
Dr Torell, who had just returned from a survey of the seas 
around Spitzbergen, xvhere he had collected no less than 150 
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species of mollusca, living chiefly on a bottom of fine mud derived 
from the moraines of glaciers which protrude into the sea He 

found that the fossil fauna of this Scotch glacial deposit exhibits 

Pig I’l Fig 122 

I nln Injin n 

II cxtcnoi of 
h intcnoi of 

N tt sui 

not onl^N the species but ilso the peculi u varieties of mollust i 
now chaiacteristic of veiy high latitudes On the other hand, 
there are a few species of molliisca m the Pleistocene beds of 
this country which aie now found living m much warmer ch 
mates Of these CothicuJa (Cyrena) fnimurihs, Mull (fig 
123), a shell found living in the Nile at the present day, ma} 
be taken as a conspicuous example 

The gieat majority of the Pleistocene mollusc i are found also 
in the underl} mg Pliocene deposits But there are some striking 
examples of forms occurring m the Pleistocene which are quite 
unknown in an^ earlier formation Of these Ttllina halthua, L 
(hg 124), i shell still loiimioii in the Biitish Stas, is an mteiesting 
cxaniph 

h ] h 1.1 
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VUll tossj] Ciraji Pssiv 
ciiid living m the Nile N it si/i 

While the mollusca of the Pleistocene strata are so similai to 
those of the present day on the one hand, and to those of the 
Newer Pliocene on the other hand, there are the most striking 
differences exhibited, not only in the geographical distribution, 
but likewise in the specific forms of the vertebrate forms of life 
which flourished at these diffcient periods , a part, and indeed 
often a \eiy considerable pait, of the mammalia found m Pieis 
tocene deposits belonging to extinct specie'' 

Relative longevity of tpeclee in the mammalia and 
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mollusca —In 1830 * attention was called to the fact—which had 
not at that time attracted notice — that the association in the 
Pleistocene deposits of shells, e\clusivel> of living species, with 
many extinct quadrupeds, betokened a longevity of species in 
the mollusca far exceeding that in the mammalia Subsequent 
lesearches seem to show that this gieater duration of the same 
specific forms in the class mollusca is dependent on a still more 
general law, namely, that the lower the grade of animals, or the 
greater the simplicity of them structure, the more peisistent are 
tliey in general in their specific characters throughout vast 
periods of time Those mollusca which aie of more simple 
structure have vaiied at a slower rate than those of a higher and 
more complex organisation , the Brachiopoda, for example, more 
slowly than the Lamellibranchiata, while the latter have been 
more persistent than either the Gastropoda or the Cephalopoda 
in like manner the specific identity of the characters of the 
Foraminifera, which are among the lowest types of the in 
\ertebrata, has outlasted that of the mollusca m an equally 
decided manner 

Teeth of Pleistocene mammalia — To those who have 
never studied comparative anatomy, it maj seem scarcely 
credible that a single bone, or even the fragment of a bone, 
taken from any part of the skeleton, may enable a skilful 
osteologist to distinguish, in inanj cases, the genus, and some- 
times the species, of quadiupeds to vvliuh it belonged A1 
though few geologists can aspiie to snth Knowledge, which must 
be tlie result ot long pi icticc ind studv, the} will neveitheless 
derive gieat ad\antigc tiom learning, what is tompaiatnel} an 
easy task, to distinguish the jnincipal div isions of the mammalia 
by the foinis and characters of their teeth 

Tlie figures on pages 151 to 153 lepresent the teeth of 
some of the more common species and genera found m the 
alluvial and cavern deposits of the Pleistocene period 

On comparing the grmdmg surfaces of the corresponding 
molars of the three species of elephants, fig 126, it will be 
seen that the folds of enamel are most numerous in the Mam 
moth , fewer and wider, or more open, in E anhqms, Falc , 
and most open and fewest m E meridionahs, Nesti, a Pliocene 
form It w ill be also seen that the enamel in the molar of the 
Ehinoceros tichorhinus, Cuv (fig 127), is much thicker than in 
that of the Jihinoceros leptorhinus^ Cuv (fig 126) 

When a companson is made between the mammalia found 
m the Pleistocene deposits of different parts of the earth’s sur 
face and the forms of life now inhabiting the same areas, we find 
' Fnmiples L>f l^t cd ^ol in 110 



Molar teeth of late Tertiift-y Eleplmuts, 

A Bluraenb (or Mammoth) Molar of upper jaw, right side 

one-third of natural size Pleistocene a grinding surface b side view 
B Elephas antiquus, Falc Penultimate molar one third of natural size PIlH 
toceue and Pliocene 

t tlephas met uhonalii, Ntsti PtuuUimut molar, out thud of natural size 
Pliocene 
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ample proof that the geographical distribution of these forms of 
terrestrial life was similar to what is found at the present day 
This is well seen by the stud\ of the bones which hive been 
found 111 peat mosses and caves in Australia 

No lemains of any Euiopean or Asiatic animal have been 


lig 120 


lig 127 


tig 128 




IfptoMnm, ( n 
vier (A miffaihtnu 
Chnstol) , foswl from 
fresh'i\ ater beds of Gra\ 
Essex, penultimate mo 
lar low er 3 iw, left side 
two thirds of mt size 
Pleistoceue and Eewci 
I’lioceuo 

rig 1>9 


hhiiioceios tichothoiHs ( n 
\ ler jicnultimatc molar 
lowei law left side two 
tlijrda of uat size Tlei' 
toi ene 



IhppopnUtims , Nesti 
fiom cave near Palermo 
molar tooth, two thirds of 
mit sue Pleistoecni 
I iving 




120 





Horse 


Deer 


Eguus cdballus L (oomnion horse) Elk (CerpjM afc«, L ) recent, molar of 
from the shell marl, Forfarshire se upper jaw 

cond molar, lower jaw Recent a grinding surface 

a grinding surface, two thirds iiat size b side view two thirds of iiat sue 
b side view of same, half uat size 


found m those deposits , the bones belong to those families of 
Marsupials, without exception, which are now existing in Aus 
tralia The animals were in some instances gigantic The 
genera Macropus (Kangaroo), Peramales (Bandicoot), Phalan 
ger, Dasyurus, and Phastolomys (Wombat), wuo repicscntcd 


(!■? (/io« tannic I) fioin slicllmiil h l imiiP tooth or tu k of bear ( O »/, 
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Teeth of Aumla intnmedius, E 1 Newton a vole, or field mouse, fiom the Norwich 
crag Nasver Pliocene 

a gi Hiding surface b side y lewr of same < nat si/pof«and() 


otodon from its great front teeth, another, the Notothe) turn , 
anij also Pi otcmnodoii and SOimurus were lound, atul all weie 
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maisupials Another marsupial called Thylacoleo, probably 
of caruivoioiis habit, also abounded Of the same geological 
ige as these breccias are the bogs and swamp beds of the 
vallevs of South Australii and Queensland, which contain 
Dq^iotodon and other maisuiuil leniuns Tt is ^ery note 
uoitlu tint marsupials alone should hue Ined in Australia in 
the Pleistocene age, for tliey aie the only inammalia tiuly in 
digenous in that eontinent at the present time It is one of the 
inan> instances of the pcisistencc of a t;yj)e on the same area, 
uid it indicates long sepaiition fiom other lands This lau 
of gcogiaphical lelationslnp between the living and Plcistocenf 
\citebiata is cvtremel} interesting and is not conhned to 
the mannnahi only Tims wlien Xtw Zealand w is first 
evannned b\ iiiuropeaiis, it was found to contain no mdige 
nous land (juadrupeds, but a snull bud, wingless or with 
\er\ iiidmientaiy wings, abounded theie, the smallest living le 
presentatn e of tlic Ostrich family, called the Kiwi bv the natiies 
{Apteryx) In the remains of the Pleistocene period in the same 
island, there aie numerous well preser^ed sjiecimens of gigantic 
birds of the Struthioiis or Ostrich order, belonging to genera 
called by Owen Dmorms and Falaptuyx^ which aie entombed 
in supeificial deposits These geneia compiehended many 
species, some of which were foui some seven, otlieis nine, and 
otheis eleven feet m height' Ao contemporary mammalia 
sliared the land with this population of gigantic featheied 
Itipeds 

Ml Daiwm, when desciibing the lecent and Plcistocfiie 
niaininalii of houth Ameiua, dwelt miuh on the wonderful 
lelationslnp of the extinct to the living tepes of that part of 
the world, inferring from such jihenomena that the existing 
species are all related to the extinct ones which iireceded them 
by the bond of common descent 

In the Pampas of South Ameiica the skeletons of Mtya 
theriuniy Megalonyx, Mylodon, Glyptodon, Toxodon, Macrau 
cliema, and other extent forms, find their nearest analogues in 
the living Sloth, Armadillo, Cavy, Capjbara, and Llama of that 
continent The skeleton of one of these great extmet sloths 
18 represented m fig 136 on the opposite page The fossil 
quadrumana, also associated with some of these forms m the 
Brazilian caves, belong to the Platyrrhine family of monkeys, 
now peculiar to South America That the extinct fauna, of 
Buenos Ayres and Brazil was not very ancient has been shown 
by its relation to deposits of marine shells, agreeing with those 
now inhabiting the Atlantic Bones of great Carnivora have 
been found, and also of the Peccary Moreover, human re 
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mams have been got from the Brazilian caves with these bones 
It 18 interesting to note that the Opossum, which belongs to a 
marsupial family peculiai to America, is found in these ca^ t 
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breccias, and it is not associated with any Australian kinds, 
neither, on the other hand, is any Didelphys (Opossum) found 
m Australia 

The old uatmal histoiy jnoMiices of tins Pleistocene period 
weie limited by natuial boundaries and had then chaiacteristic 
fauna There uas no mixtme of Lnropean types with the 
South American or Australian, and the animals of Asia did not 
roam to the south, into Aiistiaha 

AVhile ue line no ceitam indication of the ( xistence of 
human beings bcloie the Pleistocene period, thete is mdisputabit 
eMdcnce that nun existed on the eaithat least dm uii^ the lattci 
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portion of the Pleistocene, and that he was the contemporan 
of the remarkable forms of mammalia, many of them now ex 
tmet, which we have been describing In 1847 Boucher de 
Perthes observed m an ancient alluvium at Abbeville, m Picardy, 
the bones of extinct mammalia associated m such a manner with 
flint implements of a rude type, as'to lead him to infer that both 
the organic remains and tlie uoiks of art were referable to one 
and the same period Tins inference was soon after confirmed 
by Professoi Prestwicli, who found in 1859 a flint implement in 
mtii m the same stratum at Amiens that contained the remains 
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of extinct mammalia hmee that time palieolitliic stone imple 
ments have been found in many valley gravels on all the con- 
tinents 

The flint implements found at Abbeville and Amiens (fig 
137) aie different from those commonly called ‘celts’ (tig 188) 
These celts, so often found in the recent formations, have 
a more regular oblong shape, the result of grinding, by which 
also a sharp edge has been given to them The Abbeville im 
plements found m gravel at different levels, as in Nos 3 and 4, fig 
112, p 111, m which bones of the Elephant, Rhinoceros, and other 
extmet mammalia occur, are always unground, hav mg evidentlj 
been brought into their present foim simplv 
bv the chipping off of fragments of flint b\ 
repeated blows, such a>> could be given bv 
anothei stone 

Some ot th( in are ov al, others of a spcai 
lu ided foini no two exaeth ihkr, and >et 
the gi eater number ot eich kind iie ob 
viousJ) kishioned after the same gciuraJ 
pattern, winch is world wide Their outei 
surface is often white, the oiigmal black 
flint hav mg been discoloured and bleached 
by exposuie to the an, oi bv the action ot 
acids as tliev lay in tlie gravel The^ aie 
most commonly staiiu dof the same ochreous 
colour as the flints of the gravel in whicli 
they ait embedded Occasionally their 
antiquity is mdicited not only by tlieu 
(olour Init b\ siipcihtul iiKiiistitions ot 
calcium i.uboniti ui by dindiitos loiiiud 
ot oxide of non nid manganist (see hgs 
7 {- 77 , p 73) 'I’lie edges also ot most NchiUHik. pniina.i t.it 
of them aie woin, sometimes by hiving i.niUsiiiK.ist,! um 
been used as tools, and sometimes bv iivu "i iiu oiuituisut 
hav mg been rolled m the old rivei s bed 

In addition to the flints which have evidently been chipped 
or giound, so as to form implements ot very dehnite shape, 
others of a much ruder typa are found, which Protessor Prest 
wich and other geologists and archaeologists regaid as marking 
a still more primitive condition of the human race The flints 
in question are simply flat, irregular fragments which have been 
picked up to serve the purpose of scrapers, and they bear on 
their edges the maiks of having been so employed The Tas 
inamans and some other savage tribes are known to employ 
fragments of flint or similar hard materials m this way, without 
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attempt at fishionmg them into tools Tlie ludo flints of 
thi3 tjpe are found scattered o\ei the plateaux of our chalk 
districts, 01 embedded in giavels m this situation Concerning 
the aitificial oiigin of the fiictiires on the edges of some of 
this rude plateau tApe of flint implements, which have been 
called ‘Eolithic’ bj some authors, doubt has, however, been 
expressed bj many geologists and antiquaiies 

Aepresentatlves of tbe Pleistocene deposits In Britain 
and tbe adjoinlnsr portions of Western Europe — There is 
one very notevv 01 thy distinction between the deposits of Pleis 
tocene ige ind tliose whuh constitute the older geological 
systems ^Mllle the littei aie ilmost entirely represented b^ 
subaqueous iccumuHtions, ind have indeed tor the most pait 
been laid down on the se i bottom and subsequenth elevated, 
the Pleistocene foinidtions ere laigelyof teriestri.il or at least 
ot lacustrine oi fliniatile oiigin, end comprise deposits tliat 
liave not been wished -ivvav dming the subsidence of the land, 
like nearly all siinilai accumulations of greater antiquity 

We will proceed to considei the chief types of these Pleis- 
tocene deposits— ten estiial, flmntile, lacustrine, fluviomarine, 
marine, and glacial, as the> are lepresented in this country and 
the adjoining parts of Europe 

Among the terrestrial deposits of the Pleistocene we may call 
attention to the peat deposits which have yielded such valuable 
evidence concerning the events which took place m prehistoric 
times These peat deposits have been especially studied in Den 
mark, and many monuments ot the eaily inhabitants of that countiy 
have been brought to light by the combined labours of the antiquaiy, 
the zoologist, and the botanist 

The late geological age of these peat mosses is demonstiated by the 
fict that not onlj the contenipoianeous tieshvvatei and land shells 
but all the quadiupeds, found m the peat, agree specihcally ivitli 
those now inhibiting the same districts, oi known to have been 
indigenous in Denmark within the niemoiy of man In the lowei 
beds of peat (a deposit varying from 20 to 30 feet in thickness), 
weapons of stone accompany trunks of the Scotch far, Pinus 
syhairis, L This peat may be referred to that part of the stone 
period known as >eohthic,’ in contradistinction to a still older era, 
termed ‘ Palieohthic ’ In the higher portions of the same Danish 
bogs, bronze implements are associate^ with trunks and acorns of the 
common oak It appears that the pine has never been a native of 
Denmark m historical times, and it seems to have given place to the 
oak about the time when ai tides and instruments of bronze supei 
seded those of stone It also appears that, at a still later period, 
the oak itself became scarce, and was nearly supplanted by the 
beech, a tree which now flourishes luxuriantly in Denmark Again, 
at the still later epoch when the beech tree abounded, tools of 
iron were introduced, and were gradually substituted for those of 
bronze 
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On the coasts of the Danish islands m the Baltic ceitam 
mounds, called m those countnes ‘Kjokken modding,’ or ‘ kitchen 
middens,’ occur, consisting chiefly of the castaway shells of the 
oyster, cockle, periwinkle, and other eatable kinds of mollusks The 
mounds are from 3 to 10 feet high, and from 100 to 1,000 feet in 
their longest diameter They greatly resemble the heaps of shells 
formed by the lied Indians of North Ameiica along the eastein 
shores of the United States In the old refuse heaps, recently 
studied by the Danish antiquaries and naturalists with great skill 
and diligence, no implements of metal have ever been detected All 
the knives, hatchets, and other tools are of stone hoin, bone or 
wood With them aie often intermixed fragments of lude potteiv 
chaicoal, and tindeis, and the bones of quadiupeds on which the 
early people ted These bones belong to wild species still living in 
Kuropi though some of them, like the bea\ei have long been ex 
tiipated in Denmark Tht only animal which they seem to haM 
domesticated was the dog 

As there is an intiie absence of metallic tools these lefiise 
heaps lie leftried to the Neolithic division of the age of stone 
which immediatelv preceded in Denmark the age of bronze It 
appears that a laec moie advanced in cnilisation, aimed with 
weapons of that mixed metal, invaded Scandinavia and ousted the 
aboiigines 

Cavern deposlta containingr human remains and bones 
of extinct animals -In England and m almost all countries 
where limeatone rocks abound, caverns are found usually consisting 
of cavities of large dimensions, connected with one anothei by low, 
naiiovv, and sometimes tortuous galleiies oi tunnels These sub 
terranean watei ways aie usually filled in part with mud pebbles 
and breccia, in which bones may occur belonging to various inimals 
Some of these bones aie referable to extinct and others to living 
species, and they are occasionally inteiraingled with implements ot 
one or other of the gieat divisions of the stone age, and these aie 
sometimes, though very raiely, accompanied by human bones 

Each suite ot caverns, and the passages by which they com 
municate with one anothei, affoid memoiials to the geologist ot 
successive phases through which they must have passed Inst 
there was a peiiod when the calcium caibonate was dissolved away 
gradually by drainage watei containing eirbon dioxide in solution 
secondly, an era when engullid rivers oi occasional floods swept 
organic and inoiganic tUbiis into the subterranean hollows thus 
toimed, and thudly, a time when the foimation ot stalagmite took 
place on tlie floor, coveiing up the deposits 

The quairying away of large masses of Caiboniferous and 
Devonian limestone, neai lu^ge, in Belgium, has afforded the 
geologist magnificent sections of some of these caverns, and the foimei 
communication of cavities in the intenoi of the rocks with the old 
surface of the country, by means of vertical or oblique fissures, has 
been demonstrated in places wheie it would not otherwise have been 
suspected— so completely have the upper extremities of these fissures 
been concealed by superficial drift, while their lower ends, which 
extended into the roofs of the caves, have been masked by stalactitic 
incrustations 

The origin of the stalactite has been noticed (p 24), and it may 
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now be explained that it is when caverns have ceased to be in a line 
ot active drainage, or to form underground conduits, that a solid flooi 
of hard stalagmite is formed on the bottom 

The late Di Schmerling examined foity caves neai Li^ge, and 
found in all of them the remains of the same fauna, comprising the 
Mammoth, Tichoihme Rhinoceiob, Cave beai, Cave hyiena. Cave 
lion, Reindeer, and many others -some of extinct and some of living 
species--and also flint implements In four or five caves only, parts 
of human skeletons were met with, comprising sometimes skulls 
with a few othei bones, sometimes nearly every part of the skeleton 
except the skull In one of the caves, that of Engihoul, where 
Schmerling had found the lemains of at least three human indivi 
duals, thej weie mingled in such a niannei with bones ot extinct 
mammalia, as to leave no doubt in his mind of man having 
coexisted with them 

The careful investigations earned on bj Falconei Pcngelly, and 
others, in the Brixham cave and at Kent's Cavern, near Torqua}, 
afforded evidence that flint knives weie embedded in red earth 
underlying a flooi of stalagmite, in such a mannei as to piove 
that man had been an inhabitant of that region, when tin Cave beai 
and other merabers of the uicient I'ldstocinc fauna wru ilso in 
existence 

The following aie the species which have been disiovntd in the 
English caves Those which aie extinct aie Llephas pnmtqcnin^ 
Blumenb , and E antiquus, laic , Jilunociros tichot hmu’i, Cuv , li 
leptorhnus, Cuv , Maclmrodm latukm, Ow , Blu 

menb , Cervus megacetos, Halt , C Btovmii, Dawk , Ihsonpn^cus, Boj 
The species still living in Africa are the Hippopotamus, Lion, and 
Hyaena Antilopa and Felts pardti, L (Panthei) are now Asiatic 
Of species now living in North Ameiica we find the Giiz/ly Bear 
and of those occurring in N Luroiie, the Elk, Remdeei, Lemming 
and Glutton Besides these, there aie found many of the com 
monest European species of mammah i 

The absence of gnawed bones led Di Schmerling to infei that 
none of the Belgian caves which he exploied had served as the 
dens of wild beasts , but there are many caves in Germany and 
England which have certainly been so inhabited, especially by the 
extinct Hyena and Bear 

A fine example of a hynma’s den was affoided by the cave of 
Kirkdale, so well described by the late Di Buckland in his ‘Reliquia 
Diluvian* ’ In that cave, above twenty hve miles NNE of York, the 
remains of about 100 hyienas, belonging to individuals of every age, 
were detected The species {Hytena spelm, Goldf ) has been con 
sidered by palaeontologists as extinct , it was larger than the fierce 
Hycena crocuta, Zimm , of South Africa, which it closely resembled, 
and of which it is regarded By Professor Boyd Dawkins as a variety 
Dr Buckland, after carefully examining the spot, proved that the 
hyaenas must have lived there, a fact attested by the quantity of 
their dung, which, as in the case of the living hyaena, is of nearly 
the same composition as bone, and almost as durable In the cave 
were found the remains of the Ox, Mammoth Hippopotamus, 
Rhinoceros, Horse, Bear, Wolf, Hare, Water rat, and several birds 
All the bones have the appearance of having been broken and 
gnawed by the teeth of the hyaenas , and they occur confusedly 
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mixed in loam or mud, or di^ersed through a crust of stalagmite 
which covers it In these and many other cases it is supposed that 
portions of herbivorous quadrupeds have been dragged into caverns 
by beasts of prey, and have served as their food— an opinion quite 
consistent with the known habits of the living hycena 

Alluvial deposits of the Paleeolithio agre.— The alluvial 
deposits of the Paleolithic age are the eaihest m which any vestiges 
of man have vet been certainly detected, and thej belong to a time 
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Section across the Valley of the Ouw two miles WNW of Bedford 

1 Oolitic vtrvta 

2 Boulder ( hy, or marine nortln rn drift rising to about ninetv feet above the Ouse. 

3 Ancient gravel with elephant boues, freshwater shells and flint implements. 

4 Modern alluvium ot the Oust 

a Biddenlum gravel pit, at the bottom of winch ttint tools were found 

when the physical geography of Europe differed in a marked degree 
from that now prevailing Since those deposits originatid, changes 
of considerable magnitude have been effected m the depth and width 
of many valleys, as also m the direction of the superhcial and sub 
terranean drainage, and, as is manifest near the sea coast, in the 
relative position of land and water 

In the above diagram (hg 139) is shown the relative position 
which the gravel, containing flint implements and the bones of 
extinct animals, bears to the older formations, out of which the 
valley has been formed In fig 140, a similar but ideal section 
is given, illustrating the different positions which the Pleistocene 
alluvial deposits occupy in many European valleys 

The peat No 1 (fig 140) has been formed in a low part of the 
modern alluvial plain, in parts of which gravel No 2 of the recent 
period IS seen Over this gravel the loam or fine sediment 2' has in 
Pig 1(0 



Ideal section across a river valley 


many places been deposited by the nver daring floods which covered 
nearly the whole alluvial plain 

No 3 represents an older alluvium, composed of sand and gravel, 
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formed before the valley had been excavated to its present depth 
It contains the remains of fiuviatil§ shells of living species associated 
with the bones of mammalia, in part of recent, and in part of extinct 
species Among the latter, the Mammoth (ElepJias pnmigmius, Blu 
menb ) and the Han y Rhinoceros {R tichorhmm, Cuv ) are common 
No 3' IS a remnant of the loam or brick earth by which No 3 was 
overspread No 4 is a still older and more elevated terrace, similar 
m its composition to No 3, and covered in like manner with its in 
undation mud (4') Sometimes some or all of the valley gravels of 
older date are missing They usually occur at heights, above the 
present stream, varying from 10 to 300 feet, sometimes on the 
right, and sometimes on the left, side of and usually on exactly 
opposite sides of the valley The upper deposit (5) is the gravel of 
the plateaux , 4 is termed High level, and 3 Low level, gravel 

Among the genera of quadrupeds most frequently met with in 
England, France, and Germany, the commonest remains in the 
high and low level river gravels (4 and 3) are, in England, the Mam 
moth. Ancient Elephant (E antiquus, F&lc ), Hairy Rhinoceros, Lepto 
rhine Rhinoceros, Horse, Boar, Great Hippopotamus, Bison, Primitive 
Ox (Bos prtmigemus, Boj ), Musk Ox, Reindeer, Irish Elk, Red Deer, 
Cave Lion, Cave Hyiena, Wolf, Grizzly Bear, and Otter Some of 
these kinds of animals are extinct, others inhabit Africa and Asia, 
whilst some aie only found within the Arctic circle Two are 
N American A few kinds still exist on the area In the peat 
(No 1) and m the moie modern gravel and silt (No 2), works of art 
lig I4l Fig 142 Fig 143 

Ht 

Sucnwa oblonoa Pupa mtncoi'tm (MUII ), Ilelu Impula (MUIl ), nat sizi 
(Drap ), nat size aafc ■jUc 

of the ages of iron and bronze, and of the later or Neolithic stone 
period, already described, are met with In the more ancient 
gravels (3 and 4), there have been found in several valleys in France 
and England— as, for example, in those of the Seine and Somme, 
and of the Thames and Ouse, near Bedford— stone implements of a 
rude type, termed ‘ Palffiohthic,’ showing that man coexisted in those 
districts with the Mammoth and other extinct quadrupeds of the 
genera above enumerated 

The loam or brick earth of our English rivei valleys presents 
many points of analogy with the ‘ loess ’ of the Rhine and other 
European rivers 

Although this loess of the Rhine is unsolidified, it usually ter 
minates, where it has been undermined by running water, m a ver 
tical cliff, from the face of which shells of terrestrial, freshwater, 
and amphibious molluscs project in relief These shells do not 
imply the permanent sojourn of a body of fiesh water on the spot, 
for the most aquatic of them, the Sueexma, inhabits marshes and 
wet grassy meadows The Succtnea oblonga, Drap (hg 141), is very 
characteristic both ot the loess of the Rhine and of some other 
European river loams 

Among the land shells of the Rhenish loess, Hehx hspida, Mull , 
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fig 143, and Pupa musconm, L , fig 142, are very common Both the 
terrestrial and aquatic shells are of most fragile and delicate struc 
ture, and yet they are almost invariably perfect and uninjured 
They must have been broken to pieces had they been swept along 
by a violent inundation Even the colour of some of the land shells, 
as that of Helix nemoralis. Mull , is occasionally pieserved 

In parts of tht valley of the Rhine, between Bingen and Basle, 
the fluviatile loam or loess now undei consideration is several 
hundred feet thick, and contains here and there throughout that 
thickness land and freshwater shells As it occurs m masses fringing 
both sides of the great plain, and as, occasionally, remnants of it are 
found on eminences in the centre of the valley, and also forming hills 
several hundred feet in height, it seems necessaiy to suppose, first, 
a time when it slowly accumulated , and secondly, a later period, 
when large portions of it were removed — that is to say, when the 
original valley, which had been partially filled up with it, was re oxca 
vated The greatest altitude of the loess is at Fribourg (284 metres) 
Such changes may have been brought about by a great movement 
of oscillation, consisting of a general depiession of the land, 
followed by a gradual re elevation of the same The amount of con 
tinental depression which first took place in the interior must be 
imagined to have exceeded that of the region near the sea, in which 
case the higher part of the great valley would have its alluvial plain 
gradually raised by an accumulation of sediment, which would only 
cease when the subsidence of the land was at an end If the direc 
tion of the movement were then reversed, and, during the re elevation 
of the continent, the inland legion nearest the mountains rose more 
rapidly than that near the coast, the rivei would acquire a denuding 
power sufficient to enable it to sweep away, gradually, much of the 
loess with which parts of its basin had been filled up Terraces 
and hillocks of mud and sand would then alone remain to attest the 
various levels at which the river had thrown down and aftei wards 
removed alluvial matter 

Blffh plateaa-g-ravels and loe>s —These are spread far and 
wide (see fig 140, No 5), and are sometimes very distinct in their 
character and at other times merge gradually into soil above and the 
parent rock below In the first instance they often contain rock 
fragments brought from a distance, and this and the circumstance 
that they cover up equally strata of many kinds are only explicable 
by the area of deposit having been at one time below slowly drifting 
water It is m these deposits that the very rudely worked flints, 
described by Professor Prestwich, have been found 

Inundation-mud of rivers — Briok-eartb —Fluviatile 
loam, or loess —As a general rule, the fluviatile alluvia of different 
ages (Nos 2, 3, 4, fig 140, p 161) are severally made up of coarse 
materials in their lower portions, and of fine silt or loam in their 
upper parts For rivers aie constantly shifting their position in the 
valley plain, encroaching gradually on one bank, near which there is 
deep water, and deserting the. other or opposite side, where the 
channel is growing shallower, being destined eventually to be con 
verted into land Where the current runs strongest, coarse gravel is 
swept along, and where its velocity is slackened, first sand, and then 
only the finest mud, is thrown down A thin film of this fine sedi 
ment is spread, during floods, over a wide area, on one, or sometimes 

m2 
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on both sides, of the mam stream, often reaching as far as the base 
of the bluffs or higher grounds which bound the valley Of such a 
description are the well known annual deposits of the Nile, to which 
Egypt owes its fertility So thin are they, that the aggregate amount 
accumulated in a century is said rarely to exceed five inches, 
although in the course of thousands of years it has attained a vast 
thickness, the bottom not having been reached by borings extending 
to a depth of 143 feet towards the central parts of the v alley Every 
where it consists of the same homogeneous mud, destitute of strati 
fication~the only signs of successive accumulation being where the 
Nile has silted up its channel, or where the blown sands of the 
Libyan desert have invaded the plain and given rise to alternate 
layei s of sand and mud 

In European river loams we occasionally observe isolated pebbles 
and angulai pieces of stone which ha\e been floated by ice to the 
places where they now occur , but no such transported blocks are 
met with in the plains of Egypt 

In some parts of the valley of the Rhine, as we have already 
seen, the accumulation of similar loam, called m Germany ‘ loess,’ 
or ‘ lehm,’ has taken place on an enormous scale Its colour is 
yellowish grey or reddish, and it is very homogeneous Although 
for the most pait unstiatified, it betrays m some places marks of 
stratification, especially where it contains calcareous concretions, 
or in its lower part where it lests on subjacent gravel and sand, 
which alternate with each other near the junction By the same 
name of ‘ loess,’ geologists also frequently distinguish great masses 
of fine yellow sandy clay which cover vast areas in Central Asia and 
other distiicts The accumulation of these deposits in Northern 
China, where they are often of vast thickness, has been referred by 
Richthofen to the action of wind , but other muds of similar 
character are not improbably of subaqueous origin 

Kaoustrlne deposlta— The lacustrine deposits of the Pleis 
tocene period consist of silt and shelly marl, sometimes alternating 
with beds of peat which occupy the sites of old lakes now filled up 
The freshwater shells and plants found fossil in these strata usually 
belong to living species, but with these occur the remains of many 
mammalia now living in Europe, with others like the great Irish elk 
{Cervm megaceros, Hart ), which is now extinct In some of these 
lacustrine deposits the remains of man occur, especially in con 
nection with the ruins of dwelling places built on piles (Pfahl 
bauten), which have been found in Switzerland and other countries 
Sstnarlne deposits — Fluvio marine or estuarine deposits of 
Pleistocene age have been found at the mouths of many of the 
British rivers— as the Clyde, Forth, and Humber In these, the 
shells and bones of marine organisms are not unfrequently mingled 
with tusks and teeth of land animals, such as elephant, hippopotamus, 
elk, deer, ox, horse, hyaina, &c , while m the more superficial and 
younger parts of these accumulations canoes, hollowed out of trunks 
of trees by the aid of fire, have in some instances been detected in 
association with Palaeolithic stone implements 

Marine depoeite.— The fluvio marine deposits graduate m 
sensibly into those of purely manne character Among these we may 
notice the raised sea beaches which are found along many of the 
deep inlets (flrths) or sheltered bays in the British Islands at heights 
of about 25, 60, 100 feet, and, more obscurely, l.t still greater ele 
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vations In other countnes snch raised beaches ran be seen at marh 
greater heights above the sea Darwin traced them on the west 
coast of South America up to elevations of 1,300 feet above the 
sea level, though human remains were only found m them up to a 
height of 85 feet, and shells up to a height of 625 feet * It is only 
in the lower portions of these that remains of human handiwork 
have been found, but it must always be remembered that, as Darwin 
pointed out, the passage of atmospheric waters through masses of 
loose material upon the land will tend to the obliteration alike of 
the traces of organisms or articles of human workmanship 

The beds of peat, often containing trunks of trees, which are 
found below the present sta-level, and arc occasionally exposed during 
low tides, are known as ‘ submerged forests ’ They are often covered 
by strata of shingle, sand, or silt, and are only seen when these 
latter have been scoured away by the action of the waves They 
sometimes yield man> plant remains (leaves, seeds, and fruits), with 
the wings and wing cases of inse^'ts, sometimes preserved in amber, 
and the bones and teeth of recent or extinct mammalia 

On the other hand, we frequently hnd, as in the West Indies, 
Florida, the Solomon Islands, <fec , great masses of coral rock and of 
deep sea deposits, like the globigerina and radiolarian oo/es, at 
elevations up to and even exceeding 1,000 feet above the sea level 

Subdivisions of tbe Plelstooene deposits. — In attempting 
to make out a chronological sequence among the various Pleis 
tocene deposits, we are aided by the circumstance that, in 
Europe and North America alike, we find clear evidence of a 
remarkable episode— namely, the setting in for a time of a 
period of intense cold Accordnig to the calculations of Pro 
fessor Bonney, a lowermg of the mean annual temperature of 
Western Europe and Eastern North America by 16° to 18° E 
would be required to produce the results of which wo find 
such abundant evidence 

Tbe Glacial Period— Over a great part of Europe north 
of the 50th, and of North Amenca north of the 39th parallel of 
latitude, we find vast masses of loose transported materials, lying 
indifferently upon all the older formations, and evidently made 
up of fragments derived from them 

These deposits consist of sand and clay, containing a mixture of 
angular and rounded fragments of rock, of which some may be of 
large size It is often wholly devoid of stratification for a depth of 
50, 100, or even a greater number of feet, and is occasionally found 
stratified, especially m the higher parts of the series of deposits, and 
where sandy beds occur with marine oiganisms To the unstratified 
form of the deposit the name of itll has long been applied in Scotland, 
while Its argillaceous representative is known m England as ‘ boulder 
clay ’ The included stones often have one oi more of their sides 
fiattened and smoothed, or even highly pohshed, the smoothed 
surfaces usually exhibiting many parallel scratches, one set often 
crossing an older set The till is almost everywhere devoid of 

* Darwm’s Geological Ohservatiom on South Amenca, chap a 
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organic remains, except those washed into it from older foimations, 
but in a few localities it contains marine shells, usually of northern 
or Arctic species, and nearly always in a very fragmentary state 
The bulk of the till has usually been derived from the grinding down 
into mud of rocks in the immediate neighbourhood, so that it is red 
in a region of Red Sandstone, as in Strathmoie in Forfarshire , giey 
or black in a district of coal and bituminous shale, as around 
Edinburgh , and white in a chalk country, as in parts of Norfolk 
and Denmark The stony fiagments dispersed iiicgularly through 
the till usually belong, especially m mountainous countries, to rocks 
found in some part of the same hydrographical basin But thtre 
aic regions where the whole of the boulder clay has come fiom a 
distance, and huge blocks, or ‘cnatics,’ as they have been called, 
many feet in diameter, have not unfrequently travelled scores or 
even hundreds of miles from then point of depaiture, or fiom the 
parent rocks from which they have evidently been detached, and 
have crossed ovei the water partings between the valleys These 
stones are commonly angular, and have often one or more of their 
sides polished and furrowed 

The rock on which the boulder formation reposes, if it consists 
of granite, gneiss, limestone, or other hard material, capable of 
permanently retaining any sujierficial markings which may have 
been imprinted upon it, is usually smoothed or polished, like the 
erratics above described (see fig 144) It exhibits parallel striie 
and furrows having a determinate direction Such strice are found 
at great elevations, even up to 3,000 feet in the Scottish Highlands 
The direction, both in Europe and North America, agrees generally 
m a marked manner with the course taken by the erratic blocks in 
the same district 

Another form of glacial drift consists of beds of gravel and sand, 
which usually lest on the boulder clay when the two formations 
occur together It is probable that the bulk of this drift had the 
same origin as the till and boulder clay, but that subsequently the 
clay and sand have been washed out, and the stones and gravel 
spiead out by cui rents of water are so worn that they rarely show 
scratches and polished surfaces Like the bouldci clay, this gravel 
rarely contains fossils, and when these do occur they are generally 
fragmental y and much watervvorn 

The boulder clay, when it was first studied, seemed in many of 
its characters so singular and anomalous, that geologists despaired 
of ever being able to interpret the phenomena by reference to causes 
now in action In those exceptional cases, where marine shells of 
the same date as the bouldei clay were found, nearly all of them 
were recognised as living species, but now flourishing in Arctic 
latitudes —facts conspiring with the superficial position of the drift to 
indicate a comparatively modern origin and a great change in climate 

Ihe term ‘diluvium’ was foi a time the popular name of the 
bouldei formation, because it was referred, by many, to the deluge 
of Noah, while others retained the name as expressive of their 
opinion that a series of diluvial waves—raised by hurricanes and 
storms, or by earthquakes, or by the sudden upheaval of land from 
the bed of the sea —had swept over the continents, carrying with 
them vast masses of mud and heavy stones, and forcing these stones 
over rocky surfaces so as to polish and impnnt upon them long 
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furrows and strife But geologists were not long in seeing that the 
boulder formation was characteristic of high latitudes, and that on 
the whole the size and number of erratic blocks increase as we travel 
towards the Arctic regions They could not fail to be struck with 
the contrast which the countries bordering the Baltic presented, 
when compared with those surrounding the Mediterranean The 
multitude of travelled blocks and striated rocks in the one region, 
and the absence of such appearances in the other, were too obvious 


tigr 144 



Limestone, polished, furrowed, and 3cratche<l by the glacier of Ko«euIaui in 
Switzerland (Agassiz ) 

a a White streaks or scratches, caused by small grains of flint frozen into the ice 
b b Furrows 

to be overlooked When the nature pf glaciers, their movements, 
denuding and transporting powers were first studied, it was supposed 
that the terminal moraines, or the collections of mud and angular 
stones at the foot of the glacier, were analogous to boulder clay This 
is not the case, but it is probable that where the glaciers terminate 
in the sea, as they do in the Arctic regions in many places, the 
moraine matter may assume many of the characters of boulder 
clay During the last North Polar expedition, an unctuous clay was 
frequently found covering the sea floor near glaciers Some authors 
maintain that a deposit similar to boulder clay may accumulate 
underneath glaciers, but of the existence of such a moraine profonde, 
as it has been called, no very satisfactory proofs have been adduced 
Similar traces of glacial action to those now found in the higher 
mountain chains— as smoothed and striated rock surfaces, often 
forming * roches moutonn4es, heaps of moraine matter (sometimes 
damming up the ends of lakes), perched and erratic blocks— are found 
in all the higher portions of the British Islands, North Wales, the 
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Lake District, the Scottish Highlands, and also on the more elevated 
ground in Ireland Attention was first called to the occurrence of 
these traces of ancient glaciers in our own island by Agassiz in 
1840 , and since his time the labours of Darwin, Buckland, Ramsay, 
the brothers Geikie, and many others have greatly strengthened the 
conclusions which the great Swiss naturalist drew from their oc 
currence as to the existence of a glacial epoch during Pleistocene 
times While these relics of glaciers exist m the higher grounds, 
the lower lands of Britain, as far south as the valley of the Thames, 
exhibit great masses of boulder clay, sometimes alternating with 
sands, which are occasionally finely laminated and at other times 
much contorted (see fig 11, p 41) , erratic blocks are found even as 
far south as the Thames Valley 

Not unfrequently, in the glacial sands, and occasionally in the 
boulder clay itself, we find shells of marine mollusca usually belong 
ing to species which now flourish in the Arctic seas Such deposits 
of sand with Arctic shells have been found at Airdrie in Scotland up 
to elevations of 524 feet above the sea, at Three Rock Mountain, 
and other localities in Dublin and Wexford, Ireland, up to 1,000 or 
1,200 feet above the sea, at Mottiam, east of Manchester, at 568 
feet, at Vale Royal, near Macclesfield, between 1,100 and 1,200 feet, 
at Gloppa, Cheshire, at 1,200 feet, and at Moel Tryfaen in North 
Wales at over 1,300 feet above that level 

By many geologists, the occurrence of these marine shells at such 
great elevations is accepted as evidence of great submergence during 
the Pleistocene period Others, however, considering the very 
fragmentary condition and local occurrence of these shells, the fact 
that in the same band we find species that live at very different 
depths, and the other circumstances of their occurrence, maintain 
they may have been brought into their present elevated condition by 
the action of great glaciers or ice sheets pushing up portions of the 
sea floor, possibly in a frozen condition, to the hill slopes on which 
we now find them 

Ihidlington drift —The so called crag at Bridlington, containing 
many mollusca of Arctic kinds, appears to be a portion of an old 
glacial deposit which has been torn up by stranding ice and em 
bedded in boulder clay 

Erratics near Chichester —The most southern memorials of ice 
action and of a Pleistocene fauna m Great Britain are found on the 
coast of Sussex A marine deposit exposed between high and low 
tide occurs on both sides of the promontory called Selsea Bill, in 
which Mr Godwin Austen found thirty eight species of shells, and 
the number has since been raised to a hundred and forty These 
erratics and shells were probably brought by ice floating in the 
English Channel of those days 

This assemblage is interesting because, while all the species are 
recent, they have on the whole a somewhat more southern aspect 
than those of the present British Channel What renders this 
curious 18 the fact that the sandy loam in which they occur is over 
laid by yellow clayey gravel with large erratic blocks which must 
have been drifted into their present position by ice when the climate 
had become much colder These transported fragments of granite 
and greenstone, as well as of Devonian and Silurian rocks, may have 
come from the coast of Normandy and Bnttany, and are many of 
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them of such large size that we must suppose them to have been 
drifted into their present site by coast ice 

Connection of tUe predominance of lakes with §rlaelal 
action -Generally, when the winter cold is intense, as in Canada, 
Scandinavia, and Finland, even the plains and lowlands are thickly 
strewn with innumerable ponds and small lakes, together with some 
of larger size, while in more temperate regions, such as Great 
Britain, Central and Southern Europe, the United States, and New 
Zealand, lake districts occur in all such mountainous tracts as can 
be proved to have been glaciated in times comparatively modern, or 
since the geographical configuration of the surface bore a considerable 
resemblance to that now prevailing In the same countries lakes 
abruptly cease beyond the glaciated regions 

A large proportion of the smaller lakes are dammed up at their 
lower end by barriers of unstratified drift, having the exact character 
of the moraines of glaciers, and are termed by geologists ‘ morainic,’ 
but a few of them are true rock basins and would hold water even 
if all the loose drift now resting on their margins were removed 
The late Sir Andrew Ramsay maintained that all the rock basins 
now occupied by lakes, both great and small, were actually excavated 
by the glacieis which once occupied their beds Most geologists, 
however, are now agreed that while the occupation of such rock basins 
by ice for long periods of time may have retarded the work of filling 
them up by sediments, the rock basins must themselves be regarded 
as due to differential movements in the earth’s crust along lines of 
drainage The study by Gilbert, Spencer, and others of the great 
lake basins of the northern and western parts of the North American 
continent, and of the alterations which have been effected in the 
levels of the old beaches which surround them, has afforded remark 
able confirmations of these views 

One of the most serious objections to the exclusive origin by ice 
erosion of wide and deep lake basins arises from their capricious 
distribution , thus, for example, in Piedmont, both to the eastward 
and westward of Turin, great lakes are wanting, although some of 
the largest extinct glaciers descending from Mont Blanc and Monte 
Rosa came down from the Alps, leaving their gigantic moraines in 
the low country Here, therefore, we might have expected to find 
lakes of the first magnitude rivalling the contiguous Lago Maggiore 
m importance 

A still more striking illustration of the same absence of lakes 
where large glaciers abound is said to be afforded by the Caucasus, 
whose loftiest peaks attain heights from 16,000 to 18,000 feet The 
present glaciers of this mountain chain are equal or superior in 
dimensions to those of Switzerland, yet it is remarked by Mr 
Freshfield that ‘ a total absence of lakes, on both sides of the chains, 

IS the most marked feature Not only aie there no great subalpine 
sheets of water, like Como or Geneva, but mountain tarns, such as 
the Dauben Bee, on the Gemmi, or the Klonthal See, near Glarus, are 
equally wanting ’ The Himalayas also are singularly free from lakes 

Lakes contain a remarkable fauna, the Crustacea have marine 
affinities, and in some lakes there are seals which cannot have passed 
in by the existing rivers The great North American lakes have 
submerged canons on their floors The grander lakes are old areas of 
denudation, depressed or raised above sea level by earth move 
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ments They were not formed during the glacial epoch, but long 
before that period, though their forms may have been greatly modi 
fied both during and since glacial times 

The eubdiMsion of the great system of strata constituting 
the Pleistocene period is facilitated, as we have seen, by the 
occurrence of the glacial episode The epoch which preceded 
the coming in of the intense cold we call the pre glacial, and 
during this time we find many evidences of a gradual re 
firigeration, which probably commenced before the end of the 
Pliocene Some observers have thought not only that they 
could detect proofs that there was a gradual increment and do 
crement of cold during the eailicrand later stages of the glacial 
epoch, but that evidence of one or more intervals of marked 
amelioration in the seventy of the climate can be traced m 
studying the deposits These intervals of less intense cold, or, 
according to some observers, of modeiatcly waim climate, have 
been called interglacial periods 

Thejjosf ghcial division of time was maiked m its earlier 
portion by considerable rigour of climate, and possibly an 
abundant rainfall During this epoch much of tho soil may 
have remained frozen to a great depth, and tho rivers appear 
to have been more swollen and torrential m their character 
To this epoch the late Mr A Tylor proposed to apply the name 
of ‘ the pluvial period ’ It probably corresponds approximately 
to the Champlain period of Noith America 

In favour of the use of the terms ‘ recent ’ period and 
‘ human ’ period there is, as already pointed out, little to be 
said But both archaeologists and geologists find it useful to dis 
tmguish the several epochs at which implements of human woik 
manship, showing different stages m civilisation, were employed 
Setting aside the very doubtful alleged discoveries of objects of 
human workmanship in Pliocene and Miocene formations, we 
have some very rude implements found in very high level 
(plateau) gravels in the south of England If the artificial 
origin of these be established beyond doubt by further research, 
they probably constitute the oldest known relics of man— or of 
tool making animals— upon the globe The oldest undisputed 
types of implements, those figured on p 156 as occurring in the 
valley grav els and cavern deposits are known as Palapolithic, 
and the more carefully finibhed instruments occurring in France 
in association with remains of the reindeer are known as Newer 
Palseolithic The Oldei and Newer Palajolithic are sometimes 
distinguished as the Age of the Mammoth and Reindeer respec 
tively The epoch at which more carefully finished, and often 
polished, stone implements were employed is known as Neo 
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lithic , and then follow the Copper Age (of certain areas), the 
Bronze Age, and the Iron Age 

This classification of epochs by the aid of the works of art 
which characterise them is of use to the archaeologist, however, 
rather than to the geologist It is still uncertain if the so called 
‘ human ’ period began after the Glacial, or overlaps, as some 
observers think, the Glacial and even the Pro glacial On the 
other hand, it is clear that the several ages of stone and metal 
implements belong to very distmct periods of time in different 
countries Some savage races have not, even at the present 
day, advanced beyond their * stone age ’ 


For fuller details concerning the 
Pleistocene deposits, the student is 
referred to Professor Dawkmh’b 
‘ Cave and Cave Hunting,’ to Pro 
fesbor James Gtikie’s ‘Great Ice 
Age ’(3rd ed 1895) and ‘Pro historic 
Europe,’ and to Professor Wright s 
‘ Man and the Glacial Period ’ On 
the earliest relics of the human race, 
he may consult Lycll’s ‘Aiitiquitj 


of Man,’ Professor Prestwich’s 
papers on the river gravels of the 
North of France and the South oast 
of Fngland, and Sir John Evans’s 
‘ Ancient Stone Implements, Wea 
pons, and Ornaments of Groat 
Britain ’ Professor Prestwich’s ‘ Es 
says on Controverted Questions m 
(rcology,’ 1895, furnisheb an account 
of the so called ‘ Eolithic ' remains 


CHAPTER XIII 

THE NEVNER TERTIARY STRATA (nEOGENE OR NEOtEVl) 

Use of the Terms Miocene and Pliocene, Neogom and Neocene— Mollusca 
ot the Newer Ttrtiaiy Strata— Mammalia of the Newer Tertiaries— 
The Newer Tertiary Flora -Biitish Newer and Older Pliocene Strata— 
Forest bed of Cromer— Chillesford and Aldeby beds— Red Crag- 
White or ‘ Coralline ’ Ciag — Older Pliocene deposits of the North 
Downs and of St Erth— Relation of the Fauna of the Crag to that of 
the present day— Proofs of denudation between the periods of deposi 
tion of the British Older and Newer Tertiancs 

ITomenclature and Classification of tbe XTewer-Tcrtlary 
strata —-The piinciple on which the original classification of 
the Tertiary strata was based has been explained in a previous 
chapter Experience, however, has shown that, valuable as is 
this classification for many purposes a grouping of the Lyellian 
subdivisions is necessary to form systems of strata comparable 
to the great divisions of the Mesozoic and Palseo/oic locks Alike 
in Eastern Europe and m Western North America, it has been 
found impracticable to separate the Pliocene and the Miocene 
as well defined systems of strata , and hence they have been 
united as characterising one great period of the earth’s history 
called by the Vienna geologists the ‘Neogene,’ and by the 
American geologists the ‘ Neocene ' A twofold division of the 
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Tertiary strata in this country has long been in use, the names 
applied to the two portions being ‘ Older Tertiary ’ and ‘ Newer 
Tertiary ’ respectively We shall, therefore, in the present 
work treat the Tertiary strata which underlie the Pleistocene 
as forming two great systems — the Newer Tertiary, of which the 
Pliocene and Miocene constitute the mam divisions, and the 
Older Tertiary, including not only the Eocene of Lyell but also 
the strata overlymg it, which are known as Oligocene, and those 
underlying it, which have been called the Paleocene 

The Miocene, which is so well represented in the south west 
of France (the Faluns of Touraine), is sometimes called the 
Falunian In Switzerland the stiata of this age are known as 
the Molasse The Pliocene strata attain a gi eat thickness and 
importance in Italy along the flanks of the Apennines, and are 
hence often called the Sub apenmne strata In Eastern Europe 
the Miocene and Pliocene, as we have seen, form one great series, 
which 18 called the Neogene , and the same is the case m tho 
United States, where they are called Neocene 

Of the two great divisions of tho Newer Tertiary strata, tho 
Miocene and the Pliocene, only the latter has an\ representatives 
in the British Islands, and the thin md scatteied patches of 
shelly sand called ‘ crag ’ occuiriiig m East Anglia constitute 
a very insignificant representatn e of the Pliocene stiata of Italy 
and Eastern Europe, which attain a thickness of many hundreds 
or even thousands of feet In Belgium, too, we find a more com 
plete representation of the Pliocene strata than in our own country 
The Pliocene or ‘ Crag ’ strata of East Anglia consist of the 
following members, beginning with the highest bed — 

The Forest bed series, with many plant reinaiiib and bones and 
teeth of terrestrial mammalia 

The ChiUesford sands and clays with a Molluscan fauna, con 
taming only a few extinct forms, but with a proportion of 
over 60 per cent of these belonging to Northern types 
The Norwich (or Fluvio marme) Crag, containing an admixture 
ofmanne and freshwater shells and some Mammalian remains 
Of the shells 93 per cent are living forms, 14 b per cent bemg 
Northern types 

The Red Crag, consisting of shelly sands with 93 per cent of 
living forms, of which 10 7 per cent are Northern types 
The White (‘ Coralline ’) ^ Crag, formed of sands with argillaceous 
bands containing Mollusta and Bryozoi Of the former 64 
per cent are living fonub, and only 5 per cent are Northern 
species 

* The term ‘ Coralline ’ was which occur in such profuse abun 
erroneously applied to the Bryozoa, dance in these beds 
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Cbaraoterlstlcs of the fauna and flora of tbe Vewer- 
Tertlary strata.— While m the Pleistocene strata all the 
mollusca belong to living species, the Newer Tertiary beds con 
tain, side by side with those recent forms of life, many others 
which ha\e never been found m the existing seas, and such 
species must be presumed to have become extinct In the 
youngoi (Pliocene) strata the proportion of these extinct species 
of shells IS usually less than that of the living forms, while in 
the older (Miocene) beds the extinct forms are more numerous 
than the living ones 

As examples of living forms of mollusca foimd in the Newer 
Tertiaries, we may cite the bivalves and nniv alves represented 
below (figs 145-148) 

1 ig 14V rig 146 



A uculn CohholfiKP, ^ow nat size Ti’lhna ohliqua, i 


H7 


Fig 148 




T/ophon antiquum MUll (Fii^m Puipura Mragona, 

contrarius bow ), i iwt size Sow , nat size 


It is noteworthy that the shell Trophon antiquum^ Mull 
(fig 147), 18 m the existing seas almost always represented by 
ordmary or right handed forms, while the opposite is found to 
be the case in the Neocene strata, where reversed or left handed 
forms are much more common than the normal right handed 
forms 

As examples of Neocene shells, now extinct, we may take 
the following common forms (figs 149-164) 


Voluia Lamberti, Sow , J nat Voluta Lamberti Sow J nat f oluta I ambvrtt, Sow 
Variety characteristic of I a Variety characteristic ot \nuiiK individual 
lulls of Tnuraiiie Miocene ‘'iiffolk Crair Pliocene t or und Ihd t la^r 


Fik 164 



b hack view Jau Miocene 
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The case of Valuta Lamh&rh, Sow , is interesting as showing 
that a species has sometimes undergone very marked varietal 
changes during the long periods of time covered the Neo70ic 
The Neocene mollubca— if studied in any particular area, 
like Britain, Italy, or the United States— seem to indicate the 
existence of a climate somewhat waimer than tint of the seas 


Fig 155 



Peeten /acobaui, L , J nat 


of the area at the present da> , thus we hnd many tiopical or 
sub tropical forms like Cyyrmi, Ohva, Murex, &c , in the strata 
of Britain, France, and Belgium Nevertheless, there is often a 
marked relation between the Pliocene, and to a less extent the 
Miocene, shells in a particular area and those living in the neigh 
bouring seas at the present day 

Thus Peeten Jacobceus, L (fag 155), which is abundant in 
the Pliocene (Sub apenmne) strata of Italy, is still found living m 
the Mediterranean 

In the same way, we find some of the forms most abundant in 
the Newer Tertiaries of the Atlantic States of North America still 
Iivmg on the western shores of the Atlantic (see figs 156, 157) 
Occasionally shells which were at first supposed to be extinct 
have been afterwards detected m the existing seas, of this the 
shell Nahca hehcoides, Johnst (fig 158), is an example 



f Hlaur famhcttlalus L.sp fnit Fuw qmdncot(atm Say nat 

Nfarvlatid Maryland 


Pjj? 158 



IkattM hfhtoulei 
Jolnist int 
M7t 


Fifi: 15<) 



AmphN^mna Iluuennfi 
DOrb Upper MiOLcne 
strata Tieima , mag 
lOdiams 


deposits , forms of Nummvhna and of the closely allied Am 
phisteqina still occurring, though in smaller numbers than in 
the Eocene 

Among the Neiver Tertiary strata, freshwater and terrestrial 
deposits are 16*58 commonly preson ed than in the case of the 
Pleistocene , but they are so abundant and contain such well 
preserved fossils that our knowledge of the plants, insects, and 
terrestrial vertebrates of the period is considerable 

The land mammalia of the Pliocene are very different from 
those of the Pleistocene and of the present day Elephants 
appear towards the close of the period, but the great group 
of the Proboscidians is generally represented by the extmct 
Mastodon and Dinothenum 
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The Mastodons which occur m the Miocene pass up into the 
Pliocene, and in North America occur even m Pleistocene strata , 


Fig 160 



nsw, rroi7 ctJob tliird milk molar, kft side upper jaw grinding 
surface, naturil Size Norwich Crag, I’ostwick also found in lied Crt/^, sec p 187 

the molar teeth of the Mastodon (fig 160) are less specialised than 
those of the Elephant, and some of the forms had incisors (tusks) 
in both upper and lower jaws The Dtnothe)ium (fig Ibl), with 
tusks in the lower jaw, had still 
less specialised molar teeth than 
the Mastodons and Elephants, and 
are found only in Newer Tertiary 
strata 

Remarkable and less specialised 
ancestors of the horse aie found in 
the Newer Tertiaries m the Hip 
pothenum or Hippanon of the 
Pliocene and the AnchitJienum 
of the Miocene And these were 
preceded by the still more gene 
rahsed type Orohippus {Hijraco 
iherium) of the Eocene (see fig 
162) 

Other Newer Tertiary mam 
mals appear similarly to represent ancestral forms of the rhino 
ceros, hippopotamus, and camel In the Sivdlik Hills in the 
North of India, at Pikermi in Greece, and m the island of 
Samos, remarkable forms allied to the giraffes have been found 
{Helladothenumy Camelopardalis^ Sivathenum (hg 163), 8a 


Fig 161 



Dimlhenum giganleum, Kaup nat 
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mothenmi (fig 164, dc ), as well as curious types which ap 
pear to be links between the existing goats and antelopes 


Fig 162 



lllu'-tntions of t))p Anc( f.try of tlio Horse caballus L ), after 'll ir^li 


\a Show*, the hit, hi \ ‘■pemliscil fon foot of tin Imr* with i ■ihi-.le fully divtlopert 
(lil.it and others reduced to riidinieiitw sidint Iioih 
16 An iipiitr molar of th( horM with its compluated pattern of eiiaiTiLl 
2a I ore foot of Ihppanon from the Plioi one with lateral digits more fiillj developed 
26 ipper molar of IHppanon showing simpler pattern of enamel 
3a I ore foot of Ancfiil/ifiiimn from the Miocent, with fuller devdopment of three 
digits 

36 Upper molar of with still simpler pattern of tnamcl 

4a lore foot of Oiohippus (//yraeotfienum) from the lottne, in \vhich four digits 
arc present 

46 Upper molar of Ofohtpptis, with still simpler arrangement of tlic enamel 


Deer, antelopes, oxen, sheep, and pigs are all represented m 
Newer Tertiary tunes by many peculiar forms now extmet, in 
sectn ores, rodents, and true apes are also found The Carnivores 
are represented by types related to, but very different in many 
of the details of their structure from, the hydenas, dogs, and 
bears of the present day 

We thus see that the Newer Tertiants include many forms 
of mamma ha which are distinctly less specialised than those of 
the present day, but do not exhibit the striking generalised 
characters which we shall find to be so characteristic of the 
Eocene types 

The Newer Tertiary flora is a very rich one, and has been 
carefiiUy studied by Heer and other botanists at Oemngen, near 
Schafl hausen, in Switzerland, and other localities, where leaves, 
fruit, and even flowers are often extremely well preserved m the 




Pors>th Major Skull and lower jaw f imt 
A f,ir iftt like ruminant from the Pliocene of Samos 


Vlmu8 (elm), Quercua (Oak), and Acer (maple) Of the latter, 
many species, and even varieties, can be recognised by their 

• N 2 
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leaves and fruit, the inflorescence being sometimes admirably 
preserved 

With the forms of Acer (Maple) leaves of the Platanus (Plane) 
very similar to the Platanus occidentalism L , of the North 


Fig 165 



An I /iilohaliuii, Ad Bioiij, norm il form lfo< r, I lor-i Idt 111 fit, 

Sul J iliaiii 

( I’ irt oiih (it tlio lout, st ilk of tlu ongiml fossil spa mu n i> lu ri given ) 
Upper Mioociu, Ociinigtii , ilso foiiml in tlu Oligocciie of bwit/irUnd 


Fife 166 



a Abnormal vanety of leaf Hear, Pi 110, hg 16 
b Flower and bracts, normal form Heer, PI 111 fig .>1 
c Half a seed vessel Heer, PI 111, fig 6 


American contment, have also been found at Oemngen With the 
characteristic temperate forms of vegetation there also occur 
at Oemngen and many other places, where a Newer-Tertiary 
flora occurs, forms that resemble idants now charactcriistio of 
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more tropical climates, such as Cimamomum, Oreodaphne, and 
Liquidambar 

Monocotyledonous plants, like Smtlax, are also represented 
in the Newer Tertiary floras with some leaves and fruits which 


Pig 1G7 Fig 168 



Ileer, PI 88 fig? 5 8 ( vinamomum pnlmyoi phitm Ad Broiig Upper and 

Slie *1 imt Lppor Mioctnc, I owtr Miocene 

Oeiiiugin rt Iiif h Fiowtr luit si/e IFeor PI 9S fig 28 

(i Leaf 0 lii[ie Iruit o{ (tnmimum II m poly im I ph inn from 

b Tlie tore of a bundle of pericarps Oenuigen Hetr, PI 94, fig 11 d Jinitofrt 

c Single fruit or ptncarji nat sue cent Cmuimomiim (amphoia of hpin Llier 

PI 112 fig 18 


Fig 169 Fig 170 



Oreodaphne ffeerii, Gaud Liquidambar europaum, var trilobatum A Brong some- 
Leaf, half nat size times 4 lobpi and more commonly 6 lobed 

a Leaf, half nat size c Fruit, nat size 

b Part of same, nat size d Seed, do Oeningen 

have been referred by botanists to the Proteacese, an order now 
confined to Australia and South Africa Conifers, like Sequoia, 
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Taxodium, and Qlyptoatrohm (fig 174), also occur in consider 
able numbers with Ferns and still more lowly plants 

In some finely divided sediments, like those of Oenmgen, not 
only do we find leaves exhibiting their characteristic venation 
and sometimes with the fruits and even the flowers of the plant 
attached to them, as shown in the preceding? figures, but insects, 
retaining all their peculiar markings, and e\en their colouis are 
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Smilnc sngittifera Hcer PI SO, fig 7 'ii/c ^ dianittcr 
Leaf h Flower mi),,mfit(l one of the six petals wanting at d Upper Miocene, 
Oenmgen c iumlax oblustjolta Hetr, PI 30 tig 1 iiat si/e Upix r Miocene, 
Otnmgen 

Fife 172 



Prmt of the supposed fossil and recent species of Hakea a genus of Protear ese 
« Leaf of fossil form //rtfcrt (7) Hter Upper Miocene Oenmgen Heer 

PI 97, llg 29 Jdiara b Impression of woodj fruit of same, showing thick 
stalk § diam c Seed of same natural size d Fruit of living Australian 
species, Hakm saligna, U Brown, J diam e Seed of same, natural size 

occasionally discovered Fig 173 illustrates an admirably pre 
served specimen of one of the Hemiptera 

Brltltb repretentatives of tbe Ifewer Tertiary system 
It IS in the counties of Norfolk, Sufiblk, and Essex that we obtain 
our most valuable mformation respecting the British Pliocene 
strata They have been termed ‘ Crag,’ from a provincial word 
which 18 applied to shelly sand m that district 

Vewer PIlooene.—The old land surface upon which the 
glacial deposits collected was necessarily worn and much 
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denuded, and the result has been to destroy nearly every relic 
of the fauna and flora of the Pre glacial or Upper Pliocene age 
in England But on the eastern coast there are some remark 
able deposits which underlie glacial beds, and one in particular 
at Cromer may be taken as the topmost member of the great 
formation which accumulated late m the Pliocene period, during 
which a gradual diminution of mean annual temperature took 
place culminating m the Glacial age 

Fig 173 



Fig 174 



GJyptostrobm europam, Heer 
Branch with npc triiifc 
Ilur PI 20 hg I Upper 
Mioceiit, 0( iiiiigen 


Cromer Foreet-bed --Intervening between the glacial for 
mations of Norfolk and the subjacent chalk lies what has been 
called the Cromer Forest bed, near the base of a series of freshwater, 
estuarine, and marine formations This buried forest has been 
traced from Cromer to neai Kessingland, a distance of more than 
forty miles, being exposed at certain seasons between high and low 
water mark It is the remains of an old land and estuarine deposit, 
containing the submerged stumps of trees, which appear to stand 
erect with their roots in the ancient soil Associated with the 
stumps, and overlying them, are lignite beds, with land and fresh 
water shells, of species still inhabiting England with two exceptions , 
and the remains of the Water lily, the Buckbean, and other plants 
that now live in marshes and ponds 

Through the lignite and forest bed are scattered cones of the 
Scotch and Spruce firs with the leaves of the white Water lily, 
yellow Pond lily. Buckthorn, Oak, and Hazel The fauna is a very 
suggestive one, and should be compared with that of the river 
gravels and caves (pp 159-162) of the Pleistocene age, and with that 
of the Pliocene of the Val d’ Arno m Italy (p 234) About fifty 
mammals, some Beptilia, Amphibia, Fish, and Birds, lived m the 
age of this pre gliijpial deposit The genera and species studied by 
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Mr E T Newton, of the Geological Survey, are Cams, Machmrodus, 
Fehs, Maries sylvattms, Nils , Oulo luscw, L , Ursus spekeus^ Blu 
menb , U ferox, Geoff , Trichecus, Phoca, Equus caballust L , E 
Stenoms, Cocchi, Rhinoceros etruscus^ Pale , R megarhinus, Christol , 
Hippopotamus maior, Nesti, Sus scrofa, L , Bos pnmigemus, Boj , 
Caprovis, Cervus bovides, L , C capreolus, L , C elaphus,L , C mega 
ceios, Hart , and nine other species of Deer, Antilope, Trogonthenum, 
Castor europeeus, Ow , Arvtcola, Mus sylvestris, L , Talpa, Sorex, 
Myogale, Elephas memdionalis, Nesti, E anttquus, Pale , Balcmo 
ptera, Monodon, Delphinus, the common Snake and Viper, Toad, and 
Triton, the Pike, &c It is doubtful if Elephas pnmigemus, Blu 
menb , then existed 

The forest bed is evidently an old land surface, and whilst some 
geologists reduce it to a clay with rootlets m it, others insist that the 
stumps of trees found upon it lived and grew there Mr Searles 
Wood, jun , after a long study of the localities, believed that the 
forest bed resting on the chalk near Cromer, and containing the 
important fauna just noticed, is of Crag age—that is to say, is 
anterior to any glacial phenomena of importance He considered 
that the Chillesford Clay has been worn into a valley at Kessing 
land, and that the mammalian remains found there, associated with 
a clay containing rootlets, are newer than those of the Cromer 
forest bed 

Mr C Reid, of the Geological Survey, however, considers that all 
the tree stumps are drifted specimens He states that the deposit 
IS covered by a freshwater, and this by a marine deposit This last 
contains Leda myalis. Couth , Trophon antiquus. Mull , Nucula Cob 
bolduE, Sow The freshwater deposit has Umo, Paludina, Planorbts, 
Limncea, Sucanea, and Helix as genera, and Corbicula {Cyrena) 
flummalis. Mull , and Paludestrma {Hydrobta) margmata, Michaud, 
which no longer live m the British area 

Although the relative antiquity of the forest bed to the overlying 
glacial till 18 clear, there is some difference of opinion as to its 
relation to the crag presently to be described 

CUUlesford and Aldeby beds - At Chillesford, between 
Woodbridge and Aldborough, in Suffolk, and at Aldeby, near Beccles, 
m the same county, there occur stratihed deposits which are com 
posed of sands and laminated clays, with much mica, forming 
horizontal beds about twenty feet thick In the upper part of the 
laminated clays at Chillesford a skeleton of a whale was found 
associated with casts of the characteristic shells, Nucula Cobboldice, 
Sow , Tellma obliqua. Sow , Astarte borealis, Chem sp ,and Cyprma 
islandica, L sp The same shells occur in a perfect state in the 
lower part of the formation NaticaheliCoides,iohxiBi (fig 158,p 176), 
is an example of a species formerly known only as fossil, but which 
has now been found living in our seas 

There are at Aldeby 70 species of mollusca, comprising the 
Chillesford species and some others Of these about nine tenths are 
recent They are in a perfect state, and clearly indicate a cold 
climate, as two thirds of them are now met with m Arctic regions 
As a rule, the Lamellibranchiate molluscs have both valves united, 
and many of them, such as Mya arenana, L , stand with the siphonal 
end upwards, as when in a living state Tellvm balthtca, L , before 
mentioned i&g 124, p 149) as so characteristic of, the glacial beds, in 
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eluding the dnft of Bridlington, has not yet been found in deposits of 
Chillesford and Aldeby age, whether at Sudboum, Easton Bavent, 
Horstead, Coltishall, Burgh, or where they overlie the Norwich Crag 
proper at Bramerton and Thorpe 

Mrorwlch or Fluvio-marlne Craer —The Norwich Crag is 
chiefly seen m the neighbourhood of Norwich, and consists of beds of 
incoherent sand, loam, and gravel, which are exposed to view on 
both banks of the Yare, as at Bramerton and Thorpe As the beds 
contain a mixture of marine, land, and freshwater shells, with bones 
of fish and mammalia, it is cli^r that they have been accumu 
lated at the bottom of the sea near the mouth of a river The beds 
form patches rarely exceeding twenty feet in thickness, resting on 
chalk At their junction with the chalk there invariably intervenes 
a bed called the ‘ Stone bed,’ composed of unrolled chalk flints, com 
raonly of large size, mingled with the remains of a land fauna, com 
prising Ma<itodon arvemensts, Croiz et Job , Elepha<i meridtonahs, 
Nesti, Elephas anhquus, Falc, Hippopotamus major, Nesti, Bhino 
ceros Uptorhinus, Cuv , TrogontherMm Cuueri, Fisch , and ex 
tinct species of Deer and Horse Remains of the recent species of 
Otter and Beaver are found The Mastodon, which is a species 
characteristic of the Pliocene strata of Italy and France, is the 
most abundant fossil, and one not found in the Cromei forest bed 
just mentioned When these flints, probably long exposed in the 
atmosphere, were submerged, they became covered with Barnacles, 
and the surface of the chalk was perforated by the Pholas enspata, 
L , each fossil shell still remaining at the bottom of its cylindrical 
cavity, now filled up with loose sand from the incumbent crag This 
species of Pholas still exists, and drills the rocks between high and 
low water mark on the British coast The name of ‘ Fluvio marine ’ 
has often been given to this formation, as no less than twenty species 
of land and freshwater shells have been found in it They are all 
of species which still exist , at least only one univalve, a Paludina, 
has any claim to be regarded as extinct 

Of the marine shells, 111 in number, about 17 per cent are 
extinct, according to the latest estimate given by Mr Searles Wood 
m his Supplement to the Crag Mollusca , but this percentage must 
be regarded only as provisional Some of the Arctic shells, which 
form so large a proportion in the Chillesford and Aldeby beds, are 
more rare m the Norwich Crag, though many northern species— such 
as Rhynchonella psittacea, Jer , Scalana grcsnlandica, Chemn , 
Astarte borealis, Chemn , Panopaa norvegica, Sow , and others— still 
occur The Nucula Cobboldice, Sow , and Tellina obliqua, Sow , are 
frequent in these beds, as are also Littorma httorea, L , Cardmm 
edule, L , and Turntella communis, Risso, of our seas, proving the 
littoral origin of the beds 

Red Orar — Among the English Pliocene beds the next in 
antiquity is the Red Crag, which often rests immediately on the 
London clay, as in the county of Essex, illustrated in the diagram 
on the next page In Suffolk it rarely exceeds twenty feet in thick- 
ness, and sometimes overlies another Pliocene deposit called the 
Coralline Crag It has yielded— exclusive of 87 species regarded by 
Mr Wood as derivative— 248 species of mollusca, of which 92 per 
cent are still living Thus, apart from its order of superposition, its 
greater antiquity jis a whole than the Norwich, and its still greater 
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antiquity than the glacial beds alieady described, is pioved by the 
increased difference of its fauna from that of our seas It may also be 
observed that in most of the deposits of this Red Crag, the northern 
forms of the Norwich Crag, and of such glacial formations as 
Bridlington, are less numerous, while those having a more southein 
aspect begin to make their appearance Both the quartzose sand, of 
which it chiefly consists, and the included shells, are most com 
monly distinguished by a deep ferruginous or ochreous colour, whence 
its name Many of the shells are littoral species They are often 
rolled, sometimes comminuted, _^d the beds have the appearance 
of having been shifting sandbafiKs, like those now forming on the 
Doggerbank, in the sea, sixty miles east of the coast of Northumber 
land False bedding, the result of currents, is frequently observable, 
the planes of the strata being sometimes directed towards one point 
of the compass, sometimes to the opposite, in beds immediately 
superposed 

It has long been suspected that the different patches of Red Crag 
are not all of the same age, although their chronological i elation 
cannot always be decided by superposition Separate masses are 
characterised by shells specifically distinct or greatly varying in 
relative abundance, in a manner implying that the deposits con 
taming them weie separated by intervals of time At Butley, 
Tunstall, Sudbourn, and in the Red Crag at Chillesford, the mollusca 
appear to assume their most modern aspect and indicate a colder 
climate than when the eailiest deposits of the same period were 
formed At Butley is found Nucula Cobboldta, Sow , so common in 
the Norwich and certain glacial beds, but unknown in the older parts 


Fig 175 

Red Crag London Clay Chalk 



of the Red Crag On the other hand, at Walton on the Naze, in Essex, 
we seem to have an exhibition of the oldest phase of the Red Crag , 
in which the percentage of extinct forms is almost as great as in the 
Coralline Crag, and where PMjyMmtetragfona, Sow sp (fig 148, p 171), 
IS very abundant The Walton Crag also indicates a warmer climate, 
both by the absence of many characteristic Arctic shells that aie 
common in newer portions of the Red Crag, and by a greater pro 
portion of Mediterranean species Valuta Lambertt, Sow , an extinct 
species, which seems to have flourished chiefly in the antecedent 
Coralline Crag period, is still represented here by individuals of every 
age (see figs 151, 152, p 174) 

The reversed Whelk (fig 147, p 173) is common at Walton, wheie 
the dextral form of that shell is unknown Here also specimens of 
lamellibranchiate molluscs are sometimes found with both the valves 
united, showing that they belonged to this sea of the Upper Crag, and 
were not washed in from an older bed, such as the Coralline Crag , had 
such been the case, the ligament would not have held together the 
valves, in strata so often showing signs of the boisterous action of 
the waves Such specimens of united valves are, however, rare 
Mr Searles Wood, after a most assiduous search, only detected 
thirteen species in this perfect condition, and among these Mactra 
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ovalis^ Sow , alone is common The true corals found in the Bed 
Crag indicate a sea with a temperature higher than that of the 
present German Ocean 

At and near the base of the Bed Crag is a loose bed of blown 
nodules, first noticed by Professor Henslow as containing a large 
percentage of earthy phosphates This bed of coprolites (as it is 
called, because they were originally supposed to be the fasces of 
animals) does not always occur at one level, but is generally m laigest 
quantity at the junction of the Crag and the underlying formation 
In thickness it usually varies from six to eighteen inches, and in 
some rare cases amounts to many feet It has been much used in 
agriculture for manure, as not only the nodules, but many of the 
separate bones associated with them, are largely impregnated with 
calcium phosphate, of which there is sometimes as much as 60 per 
cent They are not unfiequently covered with barnacles, showing 
that they were not formed as concretions in the stratum where they 
now lie buried, but had been previously consolidated Amongst the 
remains are those of Mastodon arvernensts, Croiz et Job , Mastodon 
tapirotdes, Cuv , FAephas mertdionaks, Nesti, Rhinoceros Schkier 
inacheri, Kaup, Tapirus priscus, Kaup, Hxpparion (a quadruped of 
the horse family), the antlers of a stag, Ccrvus anoceros, Kaup, 
Hycena antujxia, Lank , Fdts pardoides, Ow , and a large portion of 
the skull of a marine animal of the genus Ilahthenuni (Dugong), 
which was recognised by Sir W Flower in the collection of the Ee\ 

H Canham, of Waldringfield, and named by him H Canharm, Flow 
The tusks of a species of Walrus are also met with, together with 
the teeth of gigantic Sharks and the ear bones and other portions 
of several species of Whales, Dolphins, and other Cetaceans 

The phosphatic nodules often include fossil Crustacea and fishes 
from the Eocene London Clay Organic remains also of the older 
Chalk and Lias have been found, showing how great must have been 
the denudation of previous formations during the Pliocene period 
As the older White Crag, presently to be mentioned, contains similar 
phosphatic nodules near its base, those of the Red Crag may be 
partly deiived from this and other sources, such as Miocene strata 
White or Coralline Crap —The lower or Coralline Crag is 
of very limited extent ranging oier an area about twenty miles in 
length, and thiee oi four in breadth, between the rivers Stour and 
Aide, in Suffolk It is generally calcareous and marly— often a mass 
of comminuted shells, and the remains of Bryozoa— passing occa 
sionally into a soft building stone At Sudbourn and Gedgrave, near 
Orford, this building stone has been largely quarried At some 
places in the neighbourhood the softer mass is divided by thin flags 
of hard limestone, and Bryozoa placed in the upright position in 
which they grew From the abundance of these Molluscoida the 
lowest or White Crag obtained its popular name of ‘Coralline Crag, ’ 
but true corals, or Zoantharia, are very rare in this formation 
The White Crag rarely, if evei, attains a thickness of thirty feet 
in any one section Professor Prestwich, who has thrown more light 
than any other writer on the geology of the Crag, imagines that if 
the beds found at different localities were united in the probable 
order of their succession, they might exceed eighty feet in thickness, 
but since no continuous section of any such depth can be obtained, 
speculations as to the thickness of the whole deposit must be very 
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vague A bed of phosphatic nodules, very similar to that before 
alluded to in the Red Crag, with remains of mammalia, has been 
met with at the base of the formation at Sutton 

Whenevei the Red and Coralline Crag occur m the same district 
the Red Crag lies uppermost , and in some cases, as in the section 

Fig 176 



Fascwilaria auranlium Milne tdwanls t Family T^Hbuhpotidrp of “same author 
Bryoroan of extinct geiiu^ from the Coialllne Cng ‘'iifTolk 
a Extenor h Vertical section of interior c Portion of exterior magnified 
d Portion of interior magnifieil showing that it is madi. up of long, thin, stniglit 
tubes united in conical bundles 

represented in fig 177, which was well exposed to view in 1839, it is 
clear that the older deposit or Coralline Crag b had suffered denuda 
tion, before the newer formation a was thrown down upon it At D 
there was not only seen a distant cliff, eight or ten feet high, of 
Coralline Crag, running in a direction NE and SW , against which 
the Red Crag abuts with its horizontal layers, but this cliff occa 
sionally overhangs The rock composing it is drilled everywheie 
by Pholades, the holes which they perforated having been aftei 
wards filled with sand, and covered over when the newer beds were 
thrown down The older foimation is shown by its fossils to have 
Fig 177 

Sutton Shottisham Ramsholt 

Crttk B 

o 
£ 
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PS 

Section near Woodbridge, m Suffolk 
a Ked Crag b Coralline Crag c London Clay 

accumulated in a deeper sea, and contains very few of those littoral 
forms such as the Limpet {Patella), found in the Red Crag So 
great an amount of denudation could scarcely have taken place, 
in such incoherent materials, without some of the fossils of the 
inferior beds becoming mixed up with the overlying Red Crag , hence 
considerable difficulty must be occasionally experienced by the 
paleontologist in deciding to which bed the species originally be 
longed 
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Mr Searles Wood estimated the total number of manne shell- 
bearing mollusca of the Coralline Crag at 316, of which 84 per cent 
are known as living No less than 130 species of Bryozoa have been 
found in the Coralline Crag, some belonging to genera believed to be 
now extinct, and of a very peculiar structure , as, for example, that 
represented in hg 176, which is one of several species having a 

Fig 178 Fig 179 Fig 180 


Ltngula Dumortten, J’yrula reltculata,LiLW femnechtnut cxcavatiis, Forbes 
Nyst, nat hi/e Suf Coralline Crag, Raois 3 emnopleiirus exeaial u^t, W ood , 

folk and Antwerp holt, i nat bue Cor Or ig, Rauisholt 
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globular form Among the Mollusca the genus A stark (see fig 149, p 
174) 18 largely represented, no less than fourteen species being known, 
and many of them being rich in individuals There is an absence 
of genera peculiar to hot climates, such as Conus, Okva, Fascwlarm, 
Crassaklla, and others The absence also of large cowries {Cyprcea) 
is remarkable, those found belonging exclusively to the section 
Tnvia The large Volute, called Valuta Lamberh, Sow (see fig 161, 
p 174), may seem an exception , but it differs in form from the 
Volutes of the torrid zone, and its nearest living ally, Valuta 
Junorna, Chemn , has been dredged up in the Gulf Stream in extra 
tropical latitudes 

The occurrence of a species of Lingula at Sutton (see fig 178) is 
worthy of remark, as this genus of Brachiojiada is now confined to 
more equatorial latitudes, and the same may be said still more 
decidedly of a species of Fyrula, supposed by Mr Wood to be identical 
with P reticulata, Lam (hg 179), now living in the Indian Ocean 
A genus also of echmoderras, called by Professor Forbes Temnechi 
nus (fig 180), IS represented in the Red and Coralline Crag of Suffolk 
Its nearest analogue is in the warm eastern seas of Burma and of 
the Western Pacific Islands 

Older Pliocene Deposits of the South of England.— -The 
coprolitio beds at the base of the red and white crags not unfre 
quently contain waterworn fragments of sandstone, which sometimes 
include casts of shells These sandstone fragments are known as 
‘ box stones,’ and are the only relics in this country of an older 
Pliocene formation found in Belgium and known as the ‘ Diestien ’ or 
‘ black crag ’ 

At Paddlesworth and a number of other localities along the 
North Downs there are sandpipes in the chalk, into which portions 
of the Pliocene strata which once covered the Cretaceous beds have 
been let down and preserved They have yielded to Professor Prest 
wich, and subsequently to the officers of the Geological Survey, a 
numbei of casts of shells, which has put their Pliocene age beyond 
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question They probably belong to the oldest Phocene~the Diestien 
of Antwerp 

Lastly, at St Erth’s m Cornwall, there is a small patch of 
marine clay which has yielded a great number of marine shells and 
foramimfeia These also belong to species characteristic of the 
oldest Pliocene 

Climate of the Cragr Depoelt* —One of the most interesting 
conclusions deduced from a careful comparison of the shells of the 
British Pliocene strata and the fauna of our present seas was pointed 
out by Professor E Forbes It appears that during the Glacial 
period, an epoch intermediate, as we have seen, between that of the 
Crag and our own time, many shells, previously established in the 
temperate zone, retreated southwards to avoid an uncongenial 
climate, and they have been found fossil in the Newer Pliocene 
strata of Sicily, Southern Italy, and the Grecian Archipelago, where 
they may have experienced, during the era of floating icebergs, a 
climate resembling that now prevailing m higher European lati 
tudes Forbes gave a list of fifty shells which inhabited the British 
seas while the Coralline and Bed Crag were forming, and which, 
though now Ining in our seas, were wanting, as far as was then 
known, in the glacial deposits Some few of these species have 
subsequently been found in the glacial drift, but the general con 
elusion of Forbes remains unshaken This view was ably supported 
by Mr Searles Wood in the concluding remarks of his Supplement 
to the Crag Mollusca, wheie he pointed out how the geographical 
changes produced by that sinking down of land which accompanied 
the Glacial period may have altered the coast line, shutting out a 
foimei connection with the Mediterianean and opening for a time a 
new one with the Scandinavian seas 

The transport of blocks by ice, when the Bed Crag was being de 
posited, appears to be evident from the huge si/e of some iiregulai, 
quite uniounded chalk flints, letaining then white coating, and 2 
feet long by 18 inches broad, in beds worked for phosphatio nodules 
at Foxhall, four miles south east of Ipswich These must have been 
tranquilly drifted to tJie spot by floating ice Mr Prestwich also 
mentions the occurience of a large block ot porphyry at the base of 
the Coralline Crag at Sutton, which would imply that the ice action 
had begun in our seas even in this oldei period The mean annual 
temperature gradually diminished from the time of the Coralline to 
that of the Norwich Crag, and the climate became moie and more 
severe, not perhaps without some oscillations of tempeiature, until it 
reached its maximum in the Glacial peiiod 

delation of the Fauna of tbe Cragr to that of the recent 
Seal —By far the greater number of the marine species occurring 
in the several Crag lormations are still inhabitants of the British 
seas , but even these differ considerably in their relative abundance, 
some of the commonest of the Crag shells being now extremely 
scarce— as, for example, Buccintm DaUi, Sow - while others, larely 
met with in a fossil state, are now very common, as Murex ermacem, L , 
and Cardium echinatum, L Some of the species also, the identity of 
which with living forms would not be disputed by any conchologist, 
are nevertheless distinguishable as varieties, whether by slight 
deviations in form or a difference in average dimensions Since 
Mr Searles Wood first described the marine mollusca of the Crags, 
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the additions made to that fossil fauna have been considerable, but 
those made in the same period to our knowledge of the living 
mollusca of the British and Arctic seas and of the Mediterranean 
have been much greater By this means the naturalist has been 
enabled to identify with existing species many forms previously 
supposed to be extinct The recent careful deep sea dredgings of the 
‘ Challenger ’ and other expeditions have led to the discovery of some 
few Meditenanean species of shells as still living in the abysmal 
depths of the ocean, which were formerly regarded as extinct 
members of the Coralline Ciag fauna But m spite of this resusci 
tation, as it might be called, of a few fossil forms, geologists 
find that they scarcely produce any appreciable difference in the 
percentage before arrived at of forms unknown as living Such gene 
ralisations must, howevei, always depend on the limits assigned by 
different naturalists to the terms ‘ species ’ and ‘ variety ’ 

Of the strata of Miocene age, the next older division of the 
Tertiaries, we have no representatives whatever in this country 
Between the period of the deposition of the Eocene and that of the 
Pliocene great movements of the land and extensive denudation must 
have taken place, for the small patches of Pliocene in all cases he 
unconformably upon the Eocene and older rocks, while the so called 
‘ coprolite beds ’ and ‘ stone beds ’ at their base contain many water 
worn fragments, evidently derived from the Eocene and older strata 


A full discussion of the ques 
tiona connected with the ago and 
ri lationships of the various Plio 
cene deposits in this country will 
bo found in Prestwich's Memoirs 
on ‘ The Structure of the Crag beds 
of Suffolk and Norfolk,’ ‘ Quart 
Jouin Geol Soc,’vol xxvii (1871), 
pp 115, 326, 453 , in Searles Wood s 


‘ Supplement to the Monogiaph of 
C rag Mollusca,’ Palaeontological 
Society , and m the following 
Memoirs of the Geological Survey 
‘The Geology of Norwich,’ by H B 
Woodward, ‘The Geology of Ips 
wich,’ (fee, by W Whitiker, and 
The Pliocene Deposits of Britain,’ 
by C Eeid 


CHAPTER XIV 

THF OLDER TERTIARY (EOGFNL OR LOCENE) 

Geographical Distribution of the Older Tertiary Strata— The London and 
Hampshire basins— Foramimfera, corals, echmodermata, and crusta 
ceans of the Older Tertiaries— The Older Tertiary Mollusca— The fish, 
reptiles, birds, and mammals of the period— The Older Teitiary flora 
The British Older Tertiary Strata Hempstead Beds— The Bembridge 
Series— The Headon Series— The Brockenhurst Marine Group— The 
Barton Sands and Clay— The Bracklesham Senes— The Bournemonth 
Beds— The Plant beds of Bovey Tracey and Mull— The London Clay 
—The Oldhaven beds and Woolwich and Reading Series— The Thanet 
Sands 

ITomenolature and Clasiifloation of the Older-Tertiary 
etrata.— Under the name of Older Tertiaries we mclude not 
only the Eocene proper of English, French, and German 
authors, but the strata above them, called by Beyrich Oligocene 
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(and m part included by Lyell m his Lower Miocene), and those 
which he beneath the Eocene as originally defined, which are 
sometimes called Paleocene The distribution of these strata m 
England and the adjoining parts of the continent of Europe is 
illustrated m the accompanying sketch map 

From this sketch-map it will be seen that the British Lower 
Tertiaries, with the exception of several small and outlying 
patches to be hereafter more particularly described, are confined 
to the south east of England, where they occupy two areas 
known as the London and Hampshire basins respectively Other 
similar areas of Older Tertiary strata occur in Belgium and 
Northern France (the Pans basin), with some small scattered 


Fig 181 

Map of the principal Eocene areas of North Western Europe 



> B The space left blank is occupied by fossiliferous formations from tl c Devonian 
to the clialk inclusive 

outlymg patches in Brittany The correlation of the English 
Lower Tertiaries with those of Belgium and Prance is often a 
matter of great doubt and difficulty, notwithstanding their 
geographical proximity This arises from one or other of 
the following circumstances —the former prevalence of marine 
conditions m one basin simultaneously with fiu\iatile or lacus 
trme m the other, or the existence of land in one area causing 
a break or absence of all records during a period when deposits 
may ha\e been in progress in the other basin As bearing 
on this subject, it may be stated that we have unquestionable 
evidence of oscillations of level which arc shown b> the super 
position ol salt or brackish water strata on fluviatile beds , and 
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those of deep sea origin „ 
on strata formed in shal 
low water Even if the 
upward and downward f 
movements were uniform 
m amount and durection, 
which IS very improbable, 
their effect m producing 
the conversion of sea into 
land, or land into sea, 
would be different accord ! 

ing to the previous shape - 

and varying elevation of 
the land and bottom of 
the sea Lastly, denuda _ 

tion, marine and subaerial , ^ 

has frequently caused the ^ 

absence of deposits in one 
basin, of corresponding age 
to those in the other, and 
this destructive agency h as 
been more than ordinarily „ 
effective on account of the * 
loose and unconsolidated £ 
nature of the sands and 
clays 

Even m the case of 
the London and Hanip 
shire basins (which weic 
once united and are now £ 
separated by an anticlinal i , 
fold of the cretaceous locks 
along which denudation " 

of the tertiaries has taken 
place), it IS often difficult 
to determine tlie exact | 

equivalent of the strata in v 

the two areas The series | 

IS much more complete in 
the Hampshire basin than 
it 18 m the Xondon basin, 
and the general order of -g 
succession in both areas || 

18 shown in the following 
table - 
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MIDDLE OLIOOCLIvF 
lOWLll OLILOCEXL 


LPPFR FOCFM 

LOWER FOriM 


Hempstead Sines (ni ii me) 

I Bembrldfre Series 

I (estuinne) 

Biockuilmrst Sriis 
I (mirine) 

\ Hea<lon Sirics (estimniii ) 

/ H irton bands ( m irim ) 

' Barton claj (nianm ) 

I Bracklc slum i Si i 
t (maniii) 

/ Boiirnimoiitli Beds Bigsliot Buis (cstiniiiK ) 

' (isfcuanne) 

I Boguo) Beds (nianiH ) I oiiilon clav (nnrine) 
i Plistic ch> testuariiu) Woohiich ind Hi idmg 
Bids (tstii uiiii ) 

Tlmmt sands (luiruic) 


The Lowei London Terfciiiiies include the Wooluicli and 
Reading beds (llu\io uiarine), the pebble luds (Oldhaven senes) 
into which thev localU ptsb npwnds and tin Thaiut sands 
(marine), which underlie them in parts ot Kent and biincN 
The general relations of the Oldei 'Urti tries to the undei 
lying rocks is shoivn in the accompan>ing section (hg 182, 
p 19d) There is a great unconformity betivecn the Tertiary 
and the Secondaiy Strata, and anotlier between the Mesozoit 
and the Paleozoic 

Characteristic* of the Older-Tertiary fauna and flora 

Corals occur in considerable numbers m the Brockenhurst beds 


Pif. 181 



of Hampshire (fig 187), and lecf building foiiub abound m tin 
Alpine Eocene strata Among the Echmodermata the gieat 
prevalence of bilaterally symmetrical types (Irregulares), whuli 
had already become common in the Cretaceous rocks, is very 
noteworthy 

While the great majority of the species of mollusca m the 
Older Tertiary strata are extinct, they nearly all belong to genera 
which still live m the existing seas As a general rule, howei er, 
the genera represented m the Older Tertiaries of this country and 
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of Western Europe are such as are now found most abundantlj^ 
in subtropical or even tropical seas We are well acquainted 
not only with the marme form of life of the period but also with 
the brackish water and freshwater types, and even with the 
numerous terrestrial mollusca, the shells of which are found 
enclosed for the most part in beds of tufaceous limestone, like 
those of Bembridge and Headon, m the Isle of Wight The 

Fi^ 184 Fiji 18o Fisf 18« 
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geneial characteristics of the Oligocene and hoccno Mollusc n 
will be understood from the figures gnon to illustiate the dia 
ractcristic fossils of the seveial dnisions of the strata 

The foraminifera of the Older Tertiaries are renurkable foi 
the great development of num 
mulites, which were often of large 
fei/se, and occurred in such pro 
digious numbers that many beds 
of limestone are almost made 
up of them In Britain and 
Western Euiope nunimulites oc 
cur in comparatively small num 
bers but in the Alpine regions, 
and in Asia and North Africa, 
the rocks of this age are so 
crowded with them that the 
Eocene of these regions is often 
spoken of as the ‘ Nummulitic Formation ’ Other beds of lime 
stone, of Older Tertiary age, are found to be made up of Qrhi 
hides or Mihohna (fig 186), and many forma of Rotalia 
(fag 184), Alveolina, Galea} ina, Ptnerophs (fig ISfi), and othei 
genera also occur 

Among the Crustaceans of the period the predominance of 
short tailed or Crab like forms (Brachyura) of the Decapods 
over the long tailed oi Lobster like types (Macroura) becomes 
very marked 


Fig 1S7 
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The hsh are represented by great numbers of sharks, of which 
the teeth, often ot considerable size, are the only relics whicli 
remain (see p 211) The ordinary bony fish (Teleostei), which 
appeared in considerable numbers m the Cretaceous, become 
much more numerous in the Older Tertiaries, while the 
Ganoids have almost wholh disappeared 

Of the inhabitants of the land, during the Older Tertiary 
period, we ha\e numerous and interesting remams Among 
reptiles we find lizards, tortoises and turtles, and crocodiles, all 
represented m the Older Tortiaries of the British Islands , and 
the serpents (Ophidia) now make then first appearance (see 
p 209) The few birds found do not offer very noteworthi 
points ot distinction from living forms, the\ do not belong to 
the remarkable synthetic types found m the Meso/ou locks 
One form, Odovfopfenfr (hg 188), found in the London c!a\, 

htf iss 
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has tooth like serrations on both yaws, like some Clielomans 
but these arc very diffcient liom the distinct teeth imjilanted in 
sockets found, as we sluill he re liter see, in the birds of the 
( retaceous and Jurassic peiiods 

It lb 111 the mammalian fauna of the Oldei lertiaries that 
we meet with the most remarkable assemblage of extinct fotms 
Unlike the mollusca and othei lower groups of animals, the 
mammals of the period exhibit the widest divergence from 
existing types It is generally supposed that all the Mesozoic 
mammals were Aplacental (Monotremes and Jlarsupials), and 
these Aplacental forms, now confined to the Australian and Ame 
riean continents, certainly existed m Europe during the Oldei 
Tertiary period But with these Aplacental mammals we have m 
the Older Tertiary strata great numbers of the higher or Pla 
cental mammals, nearly all of which were remarkable mjuihetu 
types -that is, they combine many peculiarities which are now 
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found only m distinct groups iVmong the Penssodactjla or 
Ungulates with an odd number of toes we find the tapir like 
forms known as Palceothenum and Loplnodon The Artio 
dactyla or Ungulates with an p\en number ot toes are re 
presented by many forms, such as Xiphodov (see fag 189), 
Anoplotheriiun, Antluucofhoium, Hyopotamm, &c 

In the Older Tertiaries of the Western Territories of North 
America a lemarkable assemblage of mammals has been made 
known to us by the labours of Leidy, Maish, and Cope 'Ihese 
seem to unite man> of the characters of the Ungulates and the 
Proboscidians They are all lemarkable for the small si/e of 
then brain cavities, and some of them bore several pairs of 
horns Among these remarkable fomis may be mentioned 
Phtnacodus, Dino<eias, Coryphodon, Brontothenum, Vinta 
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thenim, &c Some of them attained to in enormous si/c 
A restoration of one of these remarkable gigantic mammals is 
shown on the following page (fig 190) 

The Carnivora ot the Oldei Teitiaiies weie as different from 
those of the present day as weie the Ungulates Synthetic types 
resembling m some respects the hyaenas and foxes have been 
referred to the genera Hyanodon and Protomverra , while bear 
like forms have been called Amphtcyon, Cynodon, &c With 
these are other forms which osteologists find a difficulty m 
referring to any of the orders of living mammalia, so remarkably 
do we find imited in their structures characters now confined 
to distinct groups of animals The names given to many of 
these animals aic intended to indicate their curiously blended 
characters 
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Lemurs are known in the Older Tertiaries, but true monkeys 
do not make then: appearance till the succeeding period 

A number of forms of Cetacea are found in the Eocene, 
some coi responding m the mam featuies ot their structure with 
the whales of the picsent da>, but with these we find the 



remaikable toothed forms known as Zeuglodonts (fig 191) 
The Zeuglodonts are much more abundant in North America 
than in Europe 

The Older Tertiaij flora shows an even closei agreement m 
its geneial chaiacters with that of the pieseiit day than does 
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the Hora of the Cietaeeous rocks There are many subtropical 
and tropical foims of ferns like Lastrcea (fig 192), and Conifers, 

Flo 191 



/' Hgloiloii ( totde^ 0\\ 
fianlosam llarhii 

Mohr fcootli iHhiril >.i/c \ ertebrv, rcclutul 


among the latter of which w e may mention the Sequoias, now 
confined to the Rock^ Mountain'), but in Tertiary times very 
widely distributed from 
the Arctic to the Rqua 
tonal /ones IHlnis like 
.V//ic//(fig RMi, 
iop'f., Plio iin md I*l(( 
hellana abounded in 
^orthtln Luiope, ind 
even extended into tin 
\rctic legions The 
truits of i palm (losel;y 
resembling the Indian 
\bpu (Nipadifc^) abound 
in 0111 London Cla} 

Among the Conifers, the /««/«« «!/««« 

Sequoias, which became nuuhIsia, oiifeocenc iimiMiotciit 
, 1 , -VT Switzerland 

SO abuniiaillt m JNOwer ,, Spw mieti from Jlonod, ahoivmg the position of 
Tertiary times and now **** middle of the tertiarj neryes 

“ , ’ , b More common appearance here the son remain 

appear to be on the point and the nerves are obliterated 

of extinction, are re 

presented by the widely distributed Sequoia Langadorjii, Ad 
Brong (hg 194) Proteaceae, now found chiefly m Australia 
and South Africa, are thought by many botanists to be repre 
sented among the leaves and firuits found in Oldei Tertiar\ 
deposits of Europe (see fig 195), but the correctness of these 
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and the reinaikable admixture of tiopical forms like Cmna 
momnm (hg 196), Aralia, Fwus, Laurus^ Magnolia, &c , with 
the plants still living m Northern Europe, like Acer, Platanus, 
Qmreus, Ulmus, Caipmus, Populus, Sahx, &c 
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The remains of insects are sometimes found in association 
with those of plants m the Older Tertiaries, as we have seen 
to be the case in the Newer Tertiaries The Brown Coal 
of Radaboj in Croatia has been shown by Unger to contain 
more than two hundred species of plants, with a very rich insect 
fauna, including no less than ten species of Termites or White 
Ants, some of gigantic si/e, large dragon flics with speckled 
wings, and also grasshoppers of considerable size Even the 
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(lan^iia) P////0, Hcer, nat size Oligocene, Radiboj Croath 


Lepidoptera (butterflies and moths) aie not unrepresented, and 
in one instance a butterfly has been found in which the pattern 
on the wing has escaped obliteration, and has been faithfully 
transmitted to us 


Arotlo Eocene Flora.— ^ 

nth terrestrial flora flourished in 
the Aictic regions m the Oldei 
Tertiary peiiod, mcny siiecies of 
whicli aie common to strata of tin 
same ige m North West Euro}x 
Proftssoi Ileer has examined tin 
various collections of fossil plant" 
that lime been obtained in N 
(rieenland (lat 70'^) , Iceland, Mpit/ 
bergen, and other parts of the 
Arctic regions, and has deteimined 
that they indicate a temperate 
climate Including the collections 
brought from Greenland later by 
Mr Whymper, this Arctic flora 
now comprises S58 species, and 
that of Greenland 169 species, ol 
which 69, or nearly two fifths, were 
supposed to be identical with plants 
found m the Lower Tertiary beds 
of Central Europe Considerably 
more than half the number aic 


tiecs, uhich is the inoieiem likable 
since at the piesen* day trees do 
not exist in any part of Gieenland 
I \en 10° farthei south 

Afore than 50 species of Conifti ee 
have been found, mcluduig several 
Sequoias (allied to the gigantic 
Welhngtonia of California), with 
siiecits of Thnjopsn and Sabu 
buna (Gmgho), geneii now found 
in Japan Theie aie also beeches, 
oaks, planes, poplais, maples, 
walnuts, limes, and e\en a Mag 
tioha, two fiuits of which have 
recently been obtained, proving 
that this splendid tree not only lived 
but ripened its fruit within the 
Arctic circle Many of the limes, 
planes, and oaks were large leaved 
species, and both flowers and fruit, 
besides immense quantities of 
leaves, are in many cases preserved 
Among the sluubswere manye\er 


202 STRATA OF THE HAMPSHIRE BASIN fcH kiv 


gieens, as inihoineda^ and two 
extinct geneia, Daphnogene and 
M^ChntocUa, ^vlth fine leathei> 
leaves, together with ha^el, black 
thorn hoil>, logwood, and haw 
thoin Potamogetun, Spatgamum, 
and Menjjanthrs grew m the 
swamps whih n\ and miks twined 
aiound the fou st (rus, and bioad 
leived feiiis grew beneath then 
shade E^ on in Spitzbi i gtn, as far 
noith as lat ib', no less than 
179 spec ICS of fossil plants hai e beta 
obtained, intluding 7 cuodivm of 
two species, hazel, jioplar, aider, 
beech, plane tree, and lane Such 
c Mgarous growth of trees within 
12° of the Pole, where now a dwarf 
willow and a few herbaceous plants 
form the only Mgetation, and 
where the ground is loieredwith 
almost perpetu il snow and ici , is 
trulj lemaikable 

Professor Heei kheies that the 
temperaturf of North Greenland 
must have been at least 30° higln r 
than at present, wliih an addition 
of 10° to the mean temperature of 
Cential huropi would probabh bi 
as much as was loquircd Tlu 
chief locality win le tins wondeiful 
rioia IS preserc ed is at Atanekc itlluli 
in ^olth Gieciihind (lit 70'") on i 
hill at an c h \ ition ot abont 1 2(10 
feet above tin sc i Theic is Inx 
I toiisideiable succession ol scdi 
mcntin stiita jnerted b\ vole nm 
locks Fossil plants occm in ill 
the beds, and the oiect tiunks is 
thick as a mans bodv, wliicli aie 


sometimes found, togethei witli 
the abundance of specimens of 
flowers and fruit m good preserva 
tion, sufficiently prove that the 
plant-, grew when they are now 
found At Disco Island and otln i 
localities on the same part of tin 
coast, good tcitiarv coal is 
ibimdant, intersti itified with okIs 
of sandstone, in sonn of which 
fossil plants hii\c ilso been found, 
simdu to llio^e at Atanekcidluk 
A lathci different floia was 
found under ghicial maiinc drift, 
1,000 flit above the jutsmt si i 
Icvd of Robeson Chaniul N hit 
Sl° 45 long W ()i° 45' Twcniv 
SIX sjiecicB were noticed, and 
eighteen had been found m the 
Older leitiaij dcjiosits of Spit? 
bergen and Greenland The 
Comfera , with Taxodium dti, 
tichum, Rich , are abundant, this 
last being found in a stak of bloom 
Pinm ahteSf Heer, occurred, whosi 
extieme limit is now N ht b9° iO' 
but it spteids ovci 25 decrees of 
1 ititudi It w IS oiilv 4k (k in tlu 
Oldei I’eiti 11 j tunes Lirgcieids, 
Itoplai bird), lia/el < Im, and wall i 
illy o( cm red , but the laigi h ind 
])) lilts like Magnolia wcu not 
disioveied 

llu similant> ol tliese Tt itmi> 
\ittit floias to tliosi of the 
I (xenc oi Noitli Aiiuiua and of 
Douineinoulli, Mull, and Anliini, 
li IS 1< d to then being placed in tlu 
Older 'I’eitiary series ratlici than iii 
the Miocene as was dom by Het i 


Srltlsli representatives of tbe Older-Tertiary strata — 

We have ah eady stated that Miocene sedniieiitary foi mations 
do not exist in the British Islands , but lower strvta, now lecog 
uiscd as the ecjuivalents of the Ohgocent scries of the Con 
tment, are known in Hampshire and m the Isle of Wigdit So 
far as is known, tnue is little oi no uncoiifoimity between 
these strata and the underlying tiue Eocene deposits They 
have been termed the Fluvio marine Series by Forbes 

An important marine deposit, found in sinking wells, opening 
brickyards, and luakmg railway cuttings m the district of the 
New Forest, in Hampshire— at Brockenhurst, Roydon, Lynd 
hurst, and other places— has yielded a very large and interesting 
marine fauna, including many tropical forms of Lower Ohgocene 
mollusca This has been called the Brockenhurst Series In 
the Isle of Wight, however, this purely marine type is either 
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wholly wanting or is represented only by brackitli water beds 
Some difference of opinion has arisen concerning the portion of 
the Isle of Wight estuarine senes which represents the maiine 
Brockenhnrst beds of the New Forest 

Hempstead (oi Kamstead) Beds Ot the senes of stiata so 
well exposed in the clifft> of the Isle of Wight the uppermost oi 
Coibiila beds consist ol manne sands and clays, and contain Vohita 
Rathien, Htb , a chai ictenstic Oligomie shell, Cotbnla pisuni 
Sow (fig lOH), a Species common to the I ppei hocenc clay ol 
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< 0 ) hula jiisii in Hempsteail DeiU, ( uipim ^eimsfnata Dish lint 

Jslc etf Wight Hempstead 


Barton, Cipena senmtrmta, De&h (hg 199), se\eial CentJua, and 
other shells peculiar to this series 

Next below aie fiesh water and estuaiine mails and carbonaceous 
clays, in the biackish water portion of which aie found abundantly 
Ccnthium plicatim, Lam (hg 200), C elegant, Desh (hg 201), and 
C tncinctum Broc also Risioa CJmlehi, Nyst (fag 202), i \ery 
r,, ,, common Klein Spauwen shell. 



( (I itfnum plicutiiiii, ( I / if/ninii, elnjau 
Lam, nut sut Dish jut size 
Jfcrapstcvl Henipsteari 


which occuis in each of the torn 
subdivisions of the Hempstead 
senes elown to its base, where 
it passes into the Bcmbiidge 
beds In the heshwutei poition 
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of the same beds Paludina lenta, Bia.nd (fig 203), occuis, a shell 
identified by some conchologists with a species now living, P unicolor, 
Lam , also several species of Limnaa, Planorbis, and Unio 

The next series, or middle freshwater and estuary marls, are dis 
tinguished by the presence of Melarna fasemta, Sow , Palvdim lenta, 
Brand, and clays with Cypns, the lowest bed contains Cyrena 
semistnata, Desh (fig 199), mingled with Centhia and a Panopcea 
The lower freshwater and estuarine mails contain Melania cos 
fafa. Sow, Melanopsis, &c The bottom bed is caibonaeeous, and 
called the ‘Black band,’ in which Rissoa Chastehi, Nyst (fag 202), 
* 
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befoie alluded to, is common This bed contains a raixtuie of 
Hempstead shells with those of the underlying Bembndge senes 
The mammalia, among which is Hyopotamus bovinus, Ow , differ, so 
far as they aie known, from those of the Bembndge beds The Ilyo 
jiotamus belongs to the hog tube, or the same family as the Anthra 
cothmum^ of which last, seven species, varying in size from the 
hippopotamus to the wild boai, have been found in Italy, and in othei 
parts of Euiope, associated with the lignites of the Oligocene period 
The seed vessels of Chara medicaqinula, Biong , and C lidit 
fcies, Brong , are chaiacteristic of the Hempstead beds generally 
Bembrldpe series — These beds are about 120 feet thick, and 
lie immediately undei the Hempstead beds ncai Yaimouth, in the 
Isle of Wight They consist of mails, clays, and limestones of fresh 
watei, blackish, and marine origin Some of the most abundant 
shells, as Cyicna semistuata, Desh \ai , and Valiuhna lenta (hg 
201) aie common to this and to the oveilying Hempstead series, 



but the majoiity of the species aie distinct Tlie following aie 
the subdivisions described by the late Piofessoi Foibes 

a Upper mails, distinguished by the abundance of Melania 
tm I itissiina, Forbes (hg 204) 

h Lowei mails, chaiacteiiscd bv C(nthiam nuitabilc, Lam , 
Cyiena pukhia, Sow , tU , and b> tlu iciiuins of Tnonyo (see hg 
20 ^)) 

c Gieen marlh, often abounding in a peculiai species of oystn, 
and accompanied by Centhiwn, Mylilus, Aica, Niicnla, dc 

d Bembndge limestones compact cieam colouied tutaceous 
limestones alternating with shales and mails, in all of which land 
shells are common, especially at Sconce, neai laimouth, as described 
by Ml F Edwards The Buliviui>tlliptiiiis,iiovi (lig 206), and i/eZi ' 
occlusa, F Edw (fig 207), are among its best known land shells 
Paludinaorhvculans^'E Edw (fig 208), is also of fiequent occurrence 
One of the bands is filled with a little globular Among the 

freshwater pulmonifera, Limncea fusifomiis, Sow (hg 210), and 
Planorbis discus, F Edw (fag 209), are the most generally distributed 
the latter represents or takes the place of the Planorbis euomphalus, 
Sow (see fag 213), of the more ancient Headon series Chara tuber 
culata, Lyell (fig 211), is the characteristic Bembndge ‘ gyrogonite ’ 
01 seed vessel 

From this foimation on the shores of Whiteclifl Bay, Pi 
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Mantell obtained a fine specimen of a fan palm, Flahellana Lama 
noMS, Brong a plant first obtained fiom beds of conesponding age 
in the suburbs of Pans The well known building stone of Bmstead 
lie. i()(, near Ryde a limestone with numeious 

hollows caused by Cyrencr, which have dis 
appeared and left the moulds of their shells 
belongs to this subdivision of the Bembiidge 
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sdies In the same Biiistead stone Mr Piatt and the Rev Diiwin 
Fox hist discovered the lemains ot mammalia chaiacteiistic ot (lit 
gypseous senes of Pans, such as PalcPotheruaiL 
jfiagnum, Cuv , P medium, Cuv , P minus, 

Cuv , P curium, Cuv , P ciassum, Cuv , also 
Aiioplotheimm commune, Cuv (fig 212 ), A 
secundaiium, Cuv , Dichobimc cervinum, Ow , 
and ChcBropotamm Cuneii, Ow The Paleo 
there, above alluded to, resembled the living 
tapir m the foim of the head, and in having 
a short proboscis, but its molar teeth weie , , „ 

more like those of the ihinoceios Pala>o ^"'’uatVze ' 
thenum magnum, Cuv , was of the size of a ^„opioi/tfnum lommum- 
small horse, kbout four or five feet in height i u\ itmstp'id M* ct 
At the base of the Bembridge series there 
18 another group of strata of fresh and brackish water origin, and 
very variable m mineral charactei and thickness Near Ryde, it 
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supplies a freestone much used for building, and called by Professor 
Forbes the Nettlestone grit In one part ripple marked flagstones 
occur, and rocks with fucoidal markings This series of rocks was 
called by Professor Forbes ‘the Osboine and St Helen’s senes,’ 
but its fossils do not appeal to be so distinct in charactei from 
those of the Bembiidge senes as to necessitate a special designation 
for the group of beds 

Beadon •erles —These beds are well seen both in Whitecliif 
Bay and at Headon Hill , that is, at the east and west extremities of the 
Isle of Wight The upper and lowei portions are freshwater, and in 


Fig 213 
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the middle a few biackish watei bedsoccui Fveiywhere IVmmhis 
ettomphalui>,Hovf (fig 213), chaiactenses the fieshwater,^ deposits, just 
as the allied form, P discus F Eaw (hg 209), does the Bcmbiidgc 
limestone The brackish water beds contain Potamomya plana, 
Sow sp , Ccnthium viutabile, Lam , and Potamides cinctus Sow , 
and Fenws (or Cythnea) inciassata, Deeh , a species common to the 
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Limbouig bed', and the Cries do 1 ont iiiKbledu, oi the Oligocem 
seiieb 

Among the shells which are widely distributed through the Headon 
senes are Sow (fig 2l5),L%mn(2acaudata,f Edw 

(fig 216), and Centhium concavum, Sow (Ug 217) Helix laby 
nnthica, Say (hg 214), a land shell now inhabiting the United States, 
was discovered in this senes by Mr SearJes Wood m Herd well Cliff 
It IS also met with in Headon Hill, in the same beds At Sconce, in 
the Isle of Wight, it occurs m the Bembridge senes The lower and 
middle portion of the Headon series is also met with m Hordwell 
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Cliff (or Hoidle, a*? it i? often spelt), near Lyraington, Hants The 
chief shells which abound in this cliff are Pahulina lenta, Brand , 
and various species of Limncea, Planorbts, Melanm, Cyclas, Unio, 
Potamomya, Dreis^cna, &c 

Amonj; the chelonuns we find a species of Emys, and no less 
than SIX species of Tnonyi , among the saurians an alligator and a 
crocodile , among the ophidians two species of land snakes [Paleryx 
Owen) , and among the fash Sir P Egerton and Mr Wood have 
found the jaws, teeth, and hard shining scales of the genus Lepi 
do'iteus, or Bonv Pike of the American rivers The same genus ol 
fieshwater ganoids has also been met with in the Hempstead beds in 
the Isle of Wight The bones of several buds have been obtained 
from Hordwell, and the lemains of quadiupeds of the genera Piilao 
therium (P minus Cuv ) Anoplotherium, Dichodon, Dichobune 
Hyracothonum, MtcrocJuerus, Lophiodon, Ilyopotnmns, and Ilya 
nodon From another point of view, however, this fauna desenes 
notice Its geological position is considerably lowei than that of tin 
Bembiidge oi Montmaitie beds from which itdiffeis almost asmnch 
in spcties is it docs from the still moie ancient faun i of the Eocem 
bids It tlieicloie Uaihes us what a grand succession ot distinct 
assemblages ot mammalu tloiiiished on the cuth dining the hitiaiv 
period 

Many of the tiiannt shells of the biackish watci beds of tlicabovt 
senes, both in the Isle of Wight and Hordwell Cliff, are common to 
the underlying Barton Clay, and, on the other hand, there aie some 
freshwater shells, such as Cyrena oboiata. Sow , which are common 
to the Bembiidge beds 

Tbe Srockenburst Marine Group In the New Fore st, at 
about the same horizon as the Headon and Bembiidge of the Isle of 
Wight, we find a series of sands and clays, often crowded with marine 
shells, belonging to fonns found only in tiopical seas, with many 
corals The beds are concealed b)^ gravels and can only be studied 
m artificial openings, such as brickyards and railway cuttings 
The iich fauna of this important marine formation was studied by 
the late Mi F E Edwards, and the valuable collection of shells 
made fi 0111 it is now in the Biitish Museum Theie is still some 
diffeience of opinion imong gi ologists as to the exact coiiclation of 
these maiine stiata ot the hew Foiest with the hluvio marine beds 
of the Isle ot Wight Baion von Koenen has pointed out that no less 
than 4 () out ot the Brockenhuist shells, oi a pro 
poition ot 78 per cent , agiec with species oecuinng 
in the Tongiian toim ition in Belgium 

Barton Clay The top ot the Eocene senes 
IS formed in the Isle ot Wight and Hampshire by a 
series of sands, which in th( latter locality contain 
an admixture of Oligocene and Eocene foiras , and 
this IS undeilaid by the celebiated Barton Clay The 
latter formation consists of grey, greenish, and brown 
clays, with bands of sand It is seen vertical in Alum f fumasjmmo a 
Baj , Isle of Wight, and nearly horizontal in the cliffs 
of the mainland neai Lymmgton The thickness 
18 300 feet at Barton Cliff, where it is rich in maiine fossils 

Usually, the fossils are beautifully preserved, and Chama squa 
mosa, Eichw (fig 218 ), is very chaiactenstic 
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The foiamimfeift called Nummulites begin, when we study the 
Tertiary formations in a descending order, to make their appearance 
m great numbers in these beds NummuUte’i elegans, Sow , and a small 
‘ipecies called Nummuhtes mnolantis, Lam (fig 227), are found 
both on the Hampshire coast and in beds of the same age in White 
cliff Bay, in the Isle of Wight Several marine shells, among which 
IS Corbula pisim, Sow (fig 198, p 203), are common to the Barton 
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beds and the higher Hempstead senes, and a still greater numbei 
are common to the Headon series 

Braokleabani Sedt.— Beneath the Barton Clay we find in the 
north of the Isle of Wight, both in Alum and Whitechff Bays, a 
great series of various coloured sands and clays for the most part un 
fossihferous, and probably of estuarine origin As some of these beds 
contain Cardita planicosta, Lam (fig 228), they have been identified 
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Calcaire grossier in France, where it sometimes forms stony layers, 
as near Compiegne, is very common in these English beds, together 
with N variolarins, Lam Out of 193 species of mollusca procured 
from the Biacklesham beds in England, 12b occui m the Calcaire 
glossier in Fiance It was clearly, therefore, coeval with that part 
of the Parisian senes moie nearly than with any othei 

According to tables compiled fiom the best authoiities by Mi 
Etheridge, the numbei of mollusca now known fiom the Bracklesliani 
beds in Great Britain is 393, of which no less than 240 are peculiar 
rig 2J] 
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to this subdivision of the British Eocene senes, while 70 me common 
to the oldei London Clay, and 140 to the newei Baiton Clay The 
volutes and cowries of this foimation, as well as the Bijozoa and 
corals, favoui the idea of a warm climate having prevailed, which is 
borne out by the discoteiy of the remains of a serpent, Palrpophis 
typlicetii Ow (see hg 230), exceeding, accoiding to Professor Owen, 
, , twenty feet m length, and allied 

m its osteology to the Boa, 
Pytlwn, Coluber, and Hijdrophis 
The compiessed form and dimi 
nutive size of certain caudal vci 
tebra indicate so much analogy 
with the Hydrophidic as to induce 
Professor Owen to pronounce 
this extinct ophidian to have 
been maiine Amongst the com 
panions of this sea snake of 
Biacklesham woie an extinct 
ciocodile {Gaiialis Dixoni, 
Owen) and iiumeious fish, such as now frequent the seas of waiin 
latitudes, as the Ostjaci 07 i of the family Balistid®, of which a dorsal 
spine is figuied (see fig 2S1), and gigantic Rajs of the genus 
Mijliobates (see fig 232) 

The teeth of shaiks also, of the geneia Caitharodon, Otodub, 
Lamna, Oaleocerdo, and otheis, aie abundant (See figs 233-23b ) 

Boarnemouth Beds —The sands and clajs which intervene 
between the equivalents of the Bracklesham Beds and the London 
Clay 01 Lower Eocene, aie well seen in the vertical beds of Alum 
Bay in the Isle of Wight and eastwards of Bournemouth on the south 
coast of Hampshiie There are some very interesting leaf beds 
which underlie the maiine stiata of the Biacklesham clays at this 
locality 

None of the beds are of gi eat horizontal extent, and there is much 
cross stratification or false bedding in the sands, with many pebble 
beds, and in some places black carbonaceous seams and lignite In 
the midst of a leaf bed at the base of the Bournemouth strata m 
Studland Bay, Dorsetshire, shells of the genus Unio attest the fresh 
water origin of the white clay 

No less than forty species of plants aie mentioned b} MM De la 
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Harpe and Gaudin from this formation in Hanip'-Iiire, among which 
plants ref ei red to the Proteaceie {Dryandra, Ac ) and the fig tribe are 
abundant, as well as the cinnamon and several other laurineie, with 
some papilionaceous plants 

It appears from the researches of Mi Staikic Gardner that the 
leaves, fruits, and seeds were deposited close to where they once 
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base of the cliffs was crowded with seeds of Hightea, Cucummites, and 
Petrophiloides Pinnaa of an Osmunda were present. There is a 
fine Irartea palm leaf in the Biitish Museum from this locality 
Heer has mentioned several species which are common to this 
flora and that ot Monte Bolca, near Verona, so celebrated for its 

• 2 p 
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fossil fish, and where the stiata contain nummulites and other 
Middle Eocene fossils He has particularly alluded to Aralia 
primigenta, Hr (of which genus a fruit has since been found by Mr 
Mitchell at Bournemouth), Daphnogem veronmsis Hr , and Ficus 
qranadilla, Hr , as among the species common to and characteristic of 
the Isle of Wight and Italian Eocene beds The American types found 
among these Eocene plants have been noticed by the same authors 
UfDitea and Clay a of Bovey Traoey» Devonabire — Sui 
rounded by the granite and other locks of the Dartmoor district in 
Devonshire, is a formation ol kaolin (China clay), sand, and lignite, 
long known to geologists as the Bovey Coal formation, respecting the 
age of which, until late jears, opinion was greatly divided This 
deposit is situated at Bovey Tracey, a village distant eleven miles 
from Exetei in a south west, and about as far from Torquay in a 
north ivest, direction The stiata extend over a plain nine miles 
long, and they consist of the materials of decomposed and worn 
down granite mixed with vegetable matter, and have evidently hlled 
up an ancient hollow or lake like expansion of the valleys of the 
Bovey and Teign 

The lignite is of bad quality for economical purposes, having a 
great admixture of iron pyrites, and emitting a sulphurous odour , 
it has, however, been successfully applied to the baking of pottery, 
for making which some of the fane clays are well adapted Mr Pen 
gelly has confirmed Sir H De la Beche’s opinion that much of 
the upper portion of this old lacustrine formation has been removed 
by denudation 

At the surface is a dense covering of white clay and giavel with 
angular stones probably of the Pleistocene period, for in the clay arc 
three species of willow and the dwarf birch Betula mm, L , indicating 
a climate colder than that of Devonshiie at the present day 

Below this are Middle Eocene stiata about 300 feet in thickness, 
in the uppei part of which aie twenty six beds of lignite, clay, and 
sand, and at their base a ferruginous quartzose sand, varying in 
thickness from two to twenty seven feet Below this sand are 
fort} five beds of alternating lignite and clay No shells or bones 
of mammalia, and no insect, with the exception of one fragment of 
a beetle (Bupestris)~m a word, no organic remains, except plants— 
have as yet been found These plants occur in fourteen of the beds , 
namely, m two of the clays, and the rest in the lignites Amongst 
the species are a number of terns —Lastneastiriaca, Ung , Pecopkrts 
lignitum, Heer , conifers. Sequoia Couttsioe, Heer, the matted dthri-i 
of which form a lignite bed There are also remains belonging to 
the genera Cinmtnomwn, Eucalyptus, Quercus, Salix, Laurtis, 
Anom, Palmacites, leaves of evergreen oaks, spindle trees, figs, water 
lily, and the seeds of two species of vine 

The crozier like vernation of some of the young ferns is very 
perfectly shown, and was at fiist mistaken, b) collectors, for shells 
of the genus Planorlm On the whole, the vegetation of Bovey 
implies the existence of a subtropical climate in Devonshiie in the 
Middle-Eocene period 

Bootland.-~i;cle of Moll —In the sea cliffs, forming the head 
land of Ardton, on the west coast of Mull, in the Hebrides, several 
bands of tertiary strata containing leaves of dicotyledonous plants 
were discovered in 1851 by the Duke of Aigyll From his description 
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it appears that there are three leaf beds, varying m thickness from 

to 2^ feet, which are interstratified with volcanic tuff and trap, 
the whole mass being about 130 feet in thickness A sheet of basalt 
of later age, 40 feet thick, covers the whole , and another columnar 
bed of the same rock, 10 feet thick, is exposed at the bottom of the 
cliff One of the leaf beds consists of a compressed mass of leaves 
unaccompanied by any stems, as if they had been blown into a marsh 
where a species of Equtsetum grew, of which the remains are 
plentifully embedded in clay 

It 13 supposed by the Duke of Argyll that this formation was 
accumulated in a shallow lake or marsh in the neighbourhood of a 
volcano, which emitted showers of ashes and streams of lava The 
materials in which the fossils are embedded may have fallen into 
the lake from the air as volcanic dust, or have been washed down 
into it as mud from the adjoining land Even without the aid of 
Tertiary fossil plants, we might have decided that the deposit was 
newer than the chalk, for chalk flints containing cretaceous fossils 
were detected by the Duke in the principal mass of volcanic ashes or 
tuff 

The late Edward Forbes observed that some of the plants of this 
formation resembled those of Croatia, described by Dr Unger , anil 
his opinion has been confirmed by Professor Heer, who found that 
the conifer most prevalent was the Sequota Langsdorjii^ A Brong 
(fig 194, p 200), also Coryltts grossedentata, Heer, an Oligocene species 
of Switzerland and of Menat in Auvergne There is likewise a plane 
tree, the leaves of which seem to agree with those of Platanus ace 
Toides, Gbpp (fig 167, p 181), and a fern, Filicites hebrvitca, Forbes 
(which IS as yet peculiar as a European fossil to Mull, but which 
IS considered by Dr Newberry to be identical with a living American 
species, Onoclea sensibths, L ), and a species of Oingko It is thought 
probable that these beds may belong to a somewhat similar horizon 
to that of Bovey Tracey and Bournemouth, and, according to Mr 
Starkie Gardner, they may be of Eocene age 

Ireland.— These interesting discoveries in Mull have led to the 
suspicion that the basalt of Antrim and of the Giant’s Causeway, in 
Ireland, may be of the same Eocene age It must be remembered, 
however, that the evidence of fossil plants must be accepted with 
considerable caution, not only is the determination of leaves by 
their forms and venation open to great question, in the opinion of 
many eminent botanists, but certain forms like Acer, Sequota, Gxngko, 
Ac , had certainly a very wide range in time as well as in space 
The volcanic rocL that overlie the chalk, and some of the strata 
associated with, and interstratified between masses of basalt, contain 
leaves of dicotyledonous plants, somewhat imperfect, but resembling 
the beech, oak, and plane, and also some conifeiaa of the genera 
Pinus and Sequoia These old land surfaces are exceedingly 
interesting 

Baffbot Beds —In the London basin the highest strata known 
are the sands of Bagshot, which contain bands of pipeclay and layeis 
of flint pebbles, but only very rarely yield traces of fossils These 
strata not improbably represent the Bournemouth beds of the Hamp 
shire basin In the upper and middle Bagshots a few casts of marine 
fossils have been found in green glauconitic sandy clays, but no fossils 
are known from the lower Bagshots The Bagshot beds aie seen on 
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the top of Hampstead Hill, and covei extensive tracts m the south 
east of the London basin, where they form wide, sandy heaths 
London Olay - This formation sometimes attains a thickness 
of 600 feet, and consists of tenacious luown and bluish grey clay, 
with layeis of concictions called stp tana, and is found m the London 
basin 

In the Hampshire basin the inoie sandy Dognoi beds are of the 
same age, and, like the London clay they aie essentially niaiim 
The London clay was probably deposited on a sea flooi close to the 
entiy of a large estuary and iivei, and the strata were formed at 
different depths, and some m shallow watei Se\eial 7onts of 
fossils have been discovered by Professoi Picstwich, the deepest 
and most marine being to the east, and the iippeimost containing 
a terrestrial vegetation, mammahin, fish, and icptilun icmuns 
The following genera of plants have been noticed by Bovvtrbank, 
Ettingshausen, and Gardner Pmns, Collitris Salisbuna, il/itsn, 
Sabal, Ntpaditcs, Livistonia Quercm, Liqvidanibai , Nysa, Matjnolut 
Juglans, Eucalypim, Amygdalus, and 



Banks la (’) 

Ml Bovveibank, in i valuable publi 
cation on these fossil fuuts and seeds 
has desciibed fruits of palms ot the 
recent type Nipa, now only found in tin 
Molucca and Philippine Islands, and in 
Bengal (See hg 242 ) In the delta of the 
Ganges, Sir J Hooker obscived the laige 
nuts of Nipa fi uticans, Thunb , floating 
in such numbers in the various arms ot 
that great river as to obstiuct the paddle 
wheels of steam boats These plants 
are allied to the cocoa nut tiibt on the 
one side, and on the other to the Pan 
danus, or screw pine There are also 
met with three species of Anona, or 
custard apple , and cucurbitaceous fruit 


(of the gourd and melon family), and fiuits ot various species of 


Acacia 


Besides fircones oi fruit of true Conifer/e theie aie cones sup 
posed to belong to the Proteaceae , and the celebrated botanist, Robeit 
Brown, pointed out the affinity ot these to the New Holland types— 
Petrophila and Isopogon Of the first there are about 50 and the 
second 30 described species now living in Australia 

Baron von Ettingshausen and Mr Can uthers, having examined 
the original specimens now in the British Museum, state that all 
these cones from Sheppey (see fig 243) may be reduced to two species, 
which have an undoubted affinity with the two existing Austialian 
genera above mentioned Other botanists, however, think that the 
supposed Proteaceous fruits may be referred to Alnus and other 
non Proteaceous genera 

The contiguity of land may be infeired not only from these 
vegetable productions, but also Irom the teeth and bones of crocodiles 
and turtles Of turtles there were numerous species referred to 
extinct genera These are, for the most part, not equal in size to 
the largest living tropical turtles A sea snake, thirteen feet in 
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Fig 213 


length, PalfPopJm toliapicm, Ow, has been described by Owen fiom 
Sheppey, and the species differs from that of Bracklesham A croco 
dile, Crocodilus toliapicus, Cuv et Ow , has been described by the same 
palffiontologist, and a form nearly 
allied to the Gangetic Oavial also 
The relics of several birds have 
been found belonging to the genera 
Lithorms, Aigillornis, and Haley 
orbits The first was a Vulturine, 
the second an Albatross, and the 
third a Kingfisher Moreovei, 

Odontopteryx {see fig 188, p 19b) re ' 
presented the birds whose bony jaw 
margins are produced as denticn 
lations The Mammalian lemains 
aie very lare, Hijracotlm turn, an 
odd hoofed heibivoie, and Lophiodm 
allied to the modem Tapii, have Shopptv \itunUi/( 

, . 1 i ii L e L >' < «ii( h Section ot cone show in L 

been found at the base of the toi 

raation, with a part of a jaw of a 

Dtdelphys (Opossum), discovered by Charlesworth, and the tooth 
of a Bat (Vespertilzo) The species Coryphodon cocesnus, Ow 
most piobablycame fiom the underlying Woolwich beds Nevertlie 
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less, this scanty fauna of a Herbivore, a Marsupial and an Insecti 
YoroQs fiat IS not without its interest All seem to have inhabited 
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the banks of the great nver which floated down the Sheppey fruits 
This fauna was long antecedent to the present aspect of nature in 
Europe and Asia, for the Alps and Himalayas were not elevated 
till later Oligocene times 

The marine shells of the London clay confirm the inference 
derivable from the plants and reptiles in favour of a high temperature 
Thus many species of Conus and Valuta occur, a large Cypraa, C ovt 
/o? ww,Sow , a very large liosfellaim (fig 246) a species of Cancellarm, 
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SIX species of Nautilus (tigs 247, 248), besides othei Cephalopoda ot 
extinct genera, one of the most remarkable of which is the Belosepia 
(fig 249) Among many characteristic bivalve 'shells are L(da 
amygdaloides, (fig 2o0),and Ciyptodm aiigulatum, Sow (fig 
251), and among the Radiata a stai fish, Asliopecten (fig 252) 

Nearly 100 species of fish, amongst which there are a sword fish 
{Tetrapterus prisons, Ag ), about eight feet long, and a saw fish 
{Pristis hisulcatus, Ag), about ten feet in length, both now foieign 
to the British seas 

The Crustacea 4\eie abundant and most of them belonged to the 
short tailed tribe , one species may have belonged to the true ciabs 
The other genera found are Xanthopsia, Xantholithes, and Grapsus 
One of the Anomuia, with a inoderatel> long abdomen, was Dromi 
hies, allied to the Sponge crab 

The Oldbaven Bede form the uppei portion of the Woolwich 
and Reading senes, but only occui m Kent and portions of Surrey 
They consist almost entirely of tolled flint pebbles in a sandy 
matrix Although only twenty to thirty feet thick, 160 species of 
fossils have been yielded by them, consisting of marine and estuarine 
shells and plant lemains The flora, so far as it goes, is interesting, 
and contains Ficus, Ctnnamomum, and Coniferae, and appears to be 
without the American and Australian types which were so dominant 
in later times 
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Woolwloh and Readlnr series —This formation is apparently 
of the same age as the Plastic clay of the Hampshire basin, which 
resembles a clay used m pottery (Argile plastique) in the French 
series 

This formation, when studied in the basins of London, Hamp 
shire, and Pans, presents very variable characters , but typically the 
beds consist, over a large area, of mottled clays and sand, with 
lignite, and with some strata of well rolled flint pebbles, derived 
from the chalk, \arying in size, but occasionallj several inche*^ in 
diametei These strata may be seen in the Isle of Wight oi at 
Bognor, in contact with the chalk, oi in the London basin, at 
Reading, Blackheath and Woolwich, co\ering the Thanet sand In 
the lowest beds banks of oysters are obsei\ed, consisting of Ostna 
hellotaciva, Lam , common also in Fiance In these beds at Bromley 
Buckland found a large pebble to which five full grown oysters were 
affixed, in such a mannei as to show that they had commenced then 
first giowth upon it, and remained attached through life 

In several places, as at Woolwich on the Thames at Newhaven in 
Sussex, and elsewheie, a mixture of marine and freshwatei mollusca 
distinguishes this member of the series Among the lattei, Melania 
inqtnnata, Defi (see fig 254), and Cyrena cnnetfornns, Sow (see fig 
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2 jd) , are vei y common , as in beds of corresponding age m France Tho\ 
clearly indicated points wheie rivers entered theEocenesea Weusuallv 
find a mixture of brackish water, freshwater, and maiine shells, and 
sometimes, as at Woolwich, pioofs of the rivei and the sea having 
successively pre\ailed on the same spot At New Charlton, in the 
suburbs of Woolwich, De la Condamine discovered m 1849 a layer of 
sand associated with well rounded flint pebbles, in which numerous 
individuals of the Cyrena telhnella, F6r , were seen standing endwise 
with both their valves united, the siphonal extremity of each shell 
being uppermost, as would happen if the mollusks had died in then 
natural position Traced eastward towards Herne Bay, the Woolwich 
beds become sandy and assume a more decidedly maiine chaiacter , 
while, in an opposite or south western direction, the beds are more 
uniformly clayey, and in some places, as near Chelsea, they assume 
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freshwater characters, and contain Unio, Paludina, and layers of 
lignite Hence the land drained by the ancient river seems clearly 
to have been to the south west of the present site of the metropolis 
Plants of the genera Ftcm, Grevillea, and Laurus, and leaves of the 
plane, poplar, and willow have been found, and the flora has 
affinities both with the cretaceous and the tertiary Mr Newton, 
ot the Geological Survey, has deseiibed Corypliodon, a remarkable 
mammal, allied to those discoveied in North America, from these beds 
Tbaaet aand*.— The Woolwich or Plastic clay above described 
may often be seen in the Hampshiie basin in actual contact with the 
chalk, constituting in such places the lowest member of the British 
Eocene series But at othei points another formation of marine 
origin, characterised by a somewhat different assemblage of organic 
remains, has been shown by Piofessoi Prestwich to intervene be 
tween the chalk and the Woolwich senes The sand is micaceous, 
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and was derived fiom a granitic district It rests on a denuded 
surface of the chalk, and is not found in the Hampshire basin Foi 
these beds he has proposed the name of ‘ Thanet sands,’ because 
they are well seen in the Isle of Thanet, in the northern part of 
Kent, and on the sea coast between Herne Bay and the Eeculvers, 
where they consist of sands with a few concretionaiy masses of 
sandstone, and contain, among other fossils, PJioladmya cuneata, 
Sow (fig 2d5), Cypnna Mcnrisii, Sow (fig 257), Corbula longitos 
trum, Desh , Scalana, Bowerbanki, Mor , Aporrhats Sowerhyt, 
Mant (fig 256) 

That the Eocene strata of the London and Hampshire basin are 
unconformable to the underlying chalk is shown by the ovei lap (oi 
‘ over step ’) of the Tertiaiy beds on the several zones ot the Greta 
ceous The eroded surface of the chalk with the band of green 
coated flints, usually seen at the base of the Thanet Sand, is due to 
the action of percolating watei in dissolving away the upper layeis 
of the chalk 

Fuller details concerning the Suivey 'The Teitiary PIuaio 
B ritish Eocene and Oligocenestiata marine Formation of the Isle of 
will be found in Prof Prestwich’s Wight,’ by Edward Forbes (185b) , 
vanous memoirs on these foima ‘Geology of the Isle of Wight,’ by 
tions m the ‘Quart Journ Geol H W Bristow, C Reid, and A 
Soc ’ for 1847, 1850, 1851, 1852, 1863, Strahan {‘2nd ed ), 1889 , the ‘ Geo 
1854, 1855, 1857, 1888, and the fol logy of London ’ (1889), and othei 
lowing memoirs of the Geological memoirs by W Whitaker 
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CHAPTER XV 

FOPEIGV DEPOSITS WHICH ARF HOMOTAXHL WITH THF 
CAIN070IC OF THl- BRITISH ISLfS 

Ttifciaiicsof Fixnce nncl Bf l^num— \[on(iin— Aigik plastique—Calcaire 
cfiossie)- Gypsum of ^1011111^)116 — IVIaniiiialsof Oli^oteiit ot Northorn 
and Ctntial Franti — Filuris of Touiame iiid Boideauv — Pliocene of 
Northern Fi nice and 73el}<iuni — Ttitiarios of Cential I mope — Loivei 
Blown Coal ind Anther deposits — M lyenci Basin- Pliocene ot 
T ppe Ishonn- 'leituiiies of Alps ind Switzerland— Flvstli and^nln 
niulitic foiniitions fowci Middle and Upper Molasse— Plant > and 
insectb of Oenin^ffn— Teitiaiies ol Italy— Oligocent and Miocent— 
Subapeiinine stiati — Ntwei Pliocene ot Sicily and the Val d Amo -• 
leitiaiich of Fistern i^inopc— Ohjfooono ot Cioatia— Miocene 
(Leithakalk and Surmutian) of Vienna Basin— Plioceno (Congeiia) 
stiata — Teitiaiu'i of India— Siiul and Sivtilik strata — Post pliocene 
deposits of Northern Europe and the Alps -Scandinavia and Russia- 
Central Europe - Alps and Juia— Older ind Newer Palroolithic periods 
—Lake dwelhn|,s— Post pliocene ot India, New Zealand, and Aiistnhi 
-Teitiancs of Noith America— Eocene and Ntocttic ot Fastcui 
States— Mammals xml Plants of Teitiaries of the Western Tenitoues 
— Amc iicari Post pliocene deposits— Glacial and Champlain ptiiods— 
Tertiary Zones in h mope 

It is a remarkalile encunistanct that the capitals ot nearly aU the 
great European btates — I onclon, Pans, Brussels, Rome, Vienna 
Beilin, &c — are situated on strata of Tertiary age In most 
cases these great cities stand in the midst of ‘ basins ’ of Tertiary 
strata— that is, of isolated tracts of sediments which have been 
preserved by synclinal folding of the strata, preceding the demi 
dation which has remov ed the Tertiary rocks from the inter 
V eniiig anticlinals In tins vv av hav e been formed the vv ell know n 
1 ondon Basin, Pans Basin, Beilin Basin, Vienna B isin, Ac It 
IS doubtless owing to the circumstance of their proximity to great 
cities with universities that the Tertiary strata and their fossils 
have attracted so much attention, and have had so much study 
devoted to them 

The Lovvei Eocenes of Franco and Belgium can be fanly 
well correlated with those of oui own London and Harapshii e 
basins by the assemblages of fossils contained m the several beds, 
though the strata themselves often ditfer m a very maiked 
manner in then mineral characters from their equivalents in 
this country 
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CAINOZOJC STRATA OF FRANCE AND BELGIUM 


The general succession of the Lower Tertiary (Eocene and Oh 
gocene) strata of France and Belgium is shown in the following 
table — 


Pans Basin 


Belgium and North 
Germany 


IPPER OLIGOCENE 
(absent in England) 


Fi esh water limestone ot 
Beance and niillstoiie 
of Afontmorency 


MIDDIh OIIOOCLNF ) 

(Hempstead and Bembridge ^ Foiitaiiiebltim s indstoiu 
Beds of Fngland) ) 

LOWPR OLIGOCENF’- ( Crypsum and maiKof 
(Brockenhurst and Headoii -j Montmartre witli mnra 
Beds of England) ( maliaii remains 


UPPER FOPENE 
(Barton Beds of England) 


I Fi esh water limestones of 
fet Oueii, marine sand 
( of Beauchamp 


] Sternberg Beds S md ^ i if 
j Cassel, Blind e &( 

I Biipehflii sands and < la\ •> 
Upper Tongnari 

I lowerTongnan and 
j (laysef tgeln 

) \\ eiiimelian sands and 
I clays 


MIDDLE EOCFNE ( Coarse marine limestone ' 
(Bracklesham Beds and known as the ‘ Calcaire 
London clay) (grossier andsandsof Cm e , 


Lackenian, Bnixelliaii 
Paniselian, Ypresian 


LOWER EOCENE 
(Woolwich and Reading 
Beds and Thanct Sands) 


Plastic ch> and lignite of 1 
• Sois&ons sand of Bracheux, ^ 
marl ol Meudon j 


Landenian Heersian 
Montian 


The Miocene is well de\ eloped in Southern France and Switzer 
land , but m France and Western Europe generally, as in England, 
the Pliocene is only represented by thin and comparatively insignih 
cant deposits, and it is necessaiy to go to Italy and the Vienna basin 
to find the full development of the Pliocene System 


Paleocene Beds (* Mon- 
tian ') —In the coaise limestone 
of Mons in Belgium xnd in the 
Marls of Meudon in the Pans basin 
we have strata which arf perhaps 
older than any in the Bi itisli Islands 
The Belgian beds contain a few Cie 
taceous Echinodeimata, and soim 
authors have proposed to rank 
these oldest known Tertiary strata 
of Europe as a distinct group, to 
which they apply the name of Paleo 
cene 

The Cakairc grossier ot Mons is 
lower than the horizon of the 
Thanet Sands, and fills a depression 
111 the clialk, being 800 feet thick 
Upwards of 400 species of fossils 
have been obtained from it Vast 
numbers of Gastropoda, Lomelli 
branchiata, Bryozoa, Forami 
nifera (Qutnquelocuhna), and cal 
oareoas Algm are found Some 
limestones, sands, and marine con 
glomerates at Billy, beneath the 
Meudon conglomeiate, are the 
lowest members of the French 


Pocene, and are older than 
tho Thanet Sands, but slightly 
younger than the Calcaire de Mons 
at the base of the Belgian Eocene 
The conglomerates rest on the 
chalk, and their fauna is marine 
and tertiary 

The Heorsian of Belgium is 
also slightly older than the Thanet 
sands, and contains the flora of 
Gehnden In this florawe find many 
species of Dryophyllum, a gonus 
somewhat resembling that of the 
modem American Chestnut Oak 
But the flora as a whole has no 
satisfactory alliance with the 
Eocene flora of America 

Sables de Braobenx.— The 
marine sands called the Sables de 
Bracheux (a place near Beauvais) 
were considered by M Hubert to be 
older than the Lignites and Plastic 
clay, and to coincide in age with 
the Thanet Sands of England At 
La Fbre, m the department of 
Aisne, in a deposit of this age, a 
fossil skull has been found of a 
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quadruped called by Blainville Mcially at Guise Lamotte, near 
Arctocyon pnmavm, Blam , and Compiegne, and other localities in 
supposed by him to be related both the Soissonnais, about fifty miles 
to the Bear and to the Kinkajou N E of Pans, from which about 
(Ceicoleptei) This creature is per 800 species of shells have been 
haps the oldest known tertiary obtained, many of them common 


mammal The Lower Landenian 
of Belgium resemble and are of the 
same age as the Thanot Sands 
Xilffnltes of Boliaonnais 
and Arfflle plaatique —At a 
slightly higher horizon in the Pans 
bisin are extensive deposits of 
sands, with occasional beds of clay 
used for pottery Fossil ovsters 
( Oslrea bellovactna, Lam ) abound 
m some places , and in others theie 
18 a mixture of fluviatile shells, 
such as Cyrpna cunn/omm, “^ow 
(hg 263, p 217), Melama inqui 
nata, Defr (fig 254, p 127), and 
others, frequently met with iii the 
Woolwich beds of the London 
basin Layers of lignite aie ilso 
intercalated 

In the year 1856, the tibia and 
femiii of a large bird, equalling 
at least the ostrich in size, was 
found at Meudon, near Pans, at 
the base of the Plastic clay This 
bird, to which the name of Gwi 
tortus pansiemis, Heb , has been 
assigned, appears, from the Me 
moirs of MM Hebert, Lartet, and 
Owen, to belong to an extmctgenus 
Professoi Owen refers it to the class 
of w ading land birds rather than to 
an aquatic species 

That a formation so much ex 
plored for economical purposes as 
the Argile plastique around Pans, 
and the clays and sands of corre 
spending age near London, should 
never have afforded any vestige of 
a feathered biped previously to the 
year 1856, shows what diligent 
hearth and what skill m osteological 
iiiteipretation are required before 
the existence of birds of remoU 
ages can be established 

The Ypresian and Paneselian of 
Belgium represent the English 
London clay 

&ower Booene.— There is 
no exact equivalent of the London 
clay in the Pans basin, and the 
next strata, above the Argik 
plaHtique, are the Sables de Guise 
Bablea de Oaiae.— These are 
of considerable thickness, es 


to the Calcaire grossier and the 
Biacklesham beds of England, 
and many peculiar Nummuhtes 
planulatus, Lam , is very abundant, 
and the most characteristic shell is 

1 

«S9® 

\eiitii (Oiioi /'’r, Ivvin 

the Netita conoidea, Lam , a fossil 
which has i veiy wide geographical 
I ange , for, as M d’Archiac remarks, 
it accompanies tJie Nummulitic 
formation from Europe to India, 
having been found in Cutch, neai 
the mouths of the Indus, associated 
with Nummuhtes scabt a, Lam No 
less than 88 shells of this group are 
said to be identical with shells of 
the London clay propei It is 
believed by Professor Prestwich 
that the sands of Guise art 
probably newer than the London 
clay, and perhaps older than tht 
Bracklesham beds of England 
The Middle Eocene is composed 
of the Galcaire grossier, formed of 
limestones, and siliceous limestones, 
with sandy glauconitic beds at tht 
base, all highly fossiliferous 

Xiower Caloalre sroisier, 
or Olauoonle froMl^re.— The 
lower part of the Calcaire grossier, 
which often contains much green 
earth, is characterised at Auvers 
near Pontoise, to the north of Pans, 
and still more in the environs of 
Compiegne, by the abundance of 
nummuhtes, (onsisting chiefly of 
N IcBvigattis, Brug sp , N soabra, 
Lam, and N Lamarcki, D'Orb, 
winch constitute a large proportion 
of some of the stony strata, though 
these same foraminifera are want 
mg in beds of a similar age in 
the immediate environs of Pans 
The upper division of this group 
consists in great part of beds of 
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compact, fi agile limestone, with 
some intercalated green marls 
The shells belong to such \aiied 
genera as Geiithium, Cothula^ 
Lmncra, Pahidtna, Cyclostoma, 
&c In the green maria the bones 
of reptiles and mammalia {Paleen 
thertum anA Lophiodon) have been 
found The middle duision, oi 
Calcaire grossier proper, consists of 
a coarse hmestont, often passing 
into sand It contains the greatei 
number of the fossil sliclls ivlmh 
chaiatteiisi the Pans basin No 
less than 400 distiint spicus ha\t 
been procuitd fioni a single spot 
neai Grignon, where they me <in 
bedded in a calcareous sand, chiefly 
foimed of comminuted shells m 
which, ne\ eitheless, indn iduals in a 
perfect state of pieseivation, both 
of marine, terrestrial, and fiesh 
watci species, aie mingh d togetlu i 
Some of the marine shells ma\ 
haie Ined on th< spot, but the 
shells of Cijclosfdvu} and Limiupa, 
being land and ficshwatci foinis 
must have been brought Ihitln i b\ 
rivers and cnricuts 

Nothing IS more stiikmg in this 
assemblage of fossil mollustu th in 
the gieat })roportion of speens 
leferuble to the genus ( inthum 
There occui no less than 1 37 
species of this genus in the 
Pans bifein, and almost all of 
them m the Calcaire grossiei 
Most of the living Centhia inhabit 
the sea near the mouths of riveis, 
where the waters are blockish, so 
that their abundance in the maiuu 
strata now under consideration is 
in harmonj with the hypothesis 
that the Pans basin formed a gulf 
into which Btieial rivers flowed 
In some parts of the Caltaiu 
giossiei lound Pans, ceitain beds 
occur of a stone used iii building, 
and called by the Frencli geologists 
' Miholite him stone ’ It is almost 
entirely made up of millions of 
microscopic shells, of the size of 
minute grains of sand, which belong 
to the Iforarainitera The Brux 
elhan and Laekenian of Belgium 
represent the French Calcaire 
grossier 

The Middle Eocene of Belgium 
approximates to the English type, 
and the Uppei or Wemmehan senes 
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18 full of Nunmiihtes vnnolanus, 
Lam 

Upper Eocene —The strata 
of this age in the Pans basin au 
continuous with the lower Oligo 
cene They an the marine gypseous 
senes, yellow and gieeiiish marls, 
with Geitihivin tncannatum, 
Desh , and PJwladomya luden'iis, 
Desh 

Beneath thesi aro the ‘Sables 
mo\oiis,’ with gieeii sands, o\er 
lying the iieailj freshwater lime 
stoiu of St Ouen They rest on 
till (tn s <h B( aiich imp, a 
mirim saiidstom with tonls, 
sluiks’ tcetli, and 
lauolatiui, Lam 

Eacustrlne gypseous se- 
rlee of Montmartre —Tin st 
strata commencing with nliiti 
marls and blue mails at the toj), 
and baying tin important gypsum 
bids below, upicsint the Tjowci 
O hgoccne, and an most liigcjy 
devclopid m tin cciitial paits ol 
the Pans ba'iiii, among otliii 
plans in the hill ot Montiiurtrt, 
(ill fossils ot wliiih weu fiist 
studKdb> CuMci 

'1 he gypsum, tlioii quirried ioi 
the manufacliut of plastu ot 
Puns, occurs is a gianular ci\stil 
line lock, ind, togethci with tin 
associated marls, contains 1 ind 
ind lluviatile shells, and the bones 
and skeletons ol buds and quadiii 
licds Sevci il 1 uid plants are also 
met yvith, ainon„ which aic fiiir 
specimens of Flabdlana 3 he 
remains also of fieshwater fish, and 
of ciocodiles and othn icptiles 
occur 111 the gypsum The skeh 
tons ot mammalia irc usually 
isolated, often (iitire, the most 
delicate extremities bimg pre 
served, as if thi c ai cases, clotln d 
with then flesh and skin, liad been 
floated doyvn soon after death, and 
while they weie still swollen by the 
gases generated by their first dt 
( ompOBition The few accompany 
mg shells aie of those light kinds 
which frequently float on the 
suiface of rivers, together with 
wood 

In this formation the relies of 
about fifty species of quadrupeds, 
including the genera Palceo 
thenum, Anoplothenuin, and 
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others, have been found, all extinct, 
and nearly four fifths of them 
belonging to the Penssodactyle or 
odd toed division of the order 
Ungulata The Anoplothendcr 
form a family inki mediate between 
pachyderms and lummuitb, ind 
belong to the even toed group of 
Ungulates With those Ungulata 
were associated a few c iinivoious 
animals, imong which were 
Hycenodon and a species allit d to 
the dog (Ct/nodictiii pmmnisis, 
Gerv sp ) Of the lindmfm was 
iound a aquincl like form, of tin 
Ch( Dopferu, a bat, while tin 
family Diddphidie of the Mii‘> 
'iupiaha, now confined to Aiiuiic i, 
lie lepreseiitcd by a tun Opossum 
(Didelpfuji) 

Of buds, about 17 s^icues hut 
been disco\ered, five ot which ue 
still undetcunnn d The skeletons 
of some are entire, but none iie 
11 ferable to existing spities 
(rocodihs and toitoises ot tin 
gonei i Lmya intl liwni/n, iit 
found 

Fo'i'itt yocifjnui/s —Amongst 
the numtrous inteiesting remains 
ol this serieii ait footprints ot 
iniuials, which occur at siv dif 
ferent levels M Desiioycis dis 
cove led large slabs, which iie now 
in the Museum at Paris, where, on 
the uppei planes of stratification, 
the indented footmarks were seen, 
while coiiespoiiding casts m relief 
appeared on the louei surfaces of 
the strati of gypsum which weu 
immediately supeumposed 

Vpper Ollffocene ot 
STorthern rrance.— The Cal 
cane de la Beaucc constitutes a 
luge tableland between the basins 
of the Loue and the beine It is 
associated with marls and otlici 
deposits, such as may ha\c been 
formed in marshes and sliallow 
likes in the newest pait of n gieit 
delta Aquatic plants {Chara) 
left their stems and seed \es 
&els, which aic now found eni 
bedded both in marl and flint, 
together with freshwater and land 
shells Some of the siliceous rocks 
of this formation are used ex 
tensively for millstones The flat 
summits or platforms of the hills 
round ParUS, and large areas in the 


forests of Fontainebleau, as well as 
the Plateau de la Beauce, already 
alluded to, are chiefly composed of 
these freshwater strata Next to 
these, in tlie descending order, arc 
marine sands md sanclstone, com 
inonly called the Giesde Fontaine 
bleau 

Next in succe ssion, foiming the 
Middle Oligocem , are the Sables 
d’Etampc s with ferruginous sands 
at Pans, resting on marls with 
Ostrm ryathula, Lim, and Cor 
hula subpisu)}i, D’Orb Thcsi 
covei the Calcuire do Brie, wlmh 
overlies clay md green mail witli 
Centhiuiii pUcatinn, Lam, and 
Cyrena convtxa, Lam 

Ollpocene of Central 
Prance —Licusti me strata, be 
longing, foi the most pait, to the 
same age as thi Calcairt de la 
Beauce, aie again nut with furthei 
south m Auvergne, Cantal, and 
Velay They ippeai to bi the 
monuments of ancient lake s, which 
like some of those now existing m 
Switzerland, once occupied the dc 
piessions ill u mountainous ii gion 
The study of tin si legioiu 
possesses a peculiar interest, foi 
wc are presented m Auvtigne with 
the evidence of a series of eients 
ot istonishmg m igintude md 
giandeur, by which the original 
foim and features of the countiy 
have been greatly changed, yet 
never so fai obliterated but that 
they may still, in pait at least, be 
restoied m imagination Great 
lakes have disapi^eaxed, and loftv 
volcanic mountains have been 
tormed by tlu reiterated emission 
of lava, preceded and followed b\ 
showers of sand and scoria. Deep 
valleys have been subscqucntlv 
funowed out through masses ot 
lacustrine and volcanic origin , and 
at a still later date, new cones li i\ < 
been thrown up m these valley'' 
new lakes have been formed by tlu 
damming up of iiveis, and several 
assemblages of quadrupeds, buds, 
and plants, Eocene, Oligocene, 
Miocene, and Pliocene, have foi 
lowed m succession Yet the region 
has preserved from fiist to last its 
geographical identity , and we can 
still picture to our minds its external 
condition and physical structure. 
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before these wonderful vicissitudes 
began, or while a part only of the 
senes of changes had been com 
pleted There was a first period 
when the spacious lakes, of which 
we still may trace the boundaries, 
lay at the foot of mountains of 
moderate ele^atlon, unbroken by 
the bold peaks and precipices of 
Mont Dole, and unadorned by the 
picturesque outline of the Puy dc 
D6me, or of the volcanic cones and 
craters now covering the granitu 
platform During tins earlier scene 
of repose, deltas were slowly formed , 
beds of marl and sand, several hun 
dred feet thick, deposited , siliceous 
and calcaieous locks precipitated 
from the waters of mineral springs , 
shells and insects embedded to 
ethei with the remains of the croco 
lie and tortoise, the eggs and bones 
of water birds, and the skeletons of 
quadrupeds, most of them of genera 
and species characteristic of the 
period To this tianquil condition 
of the surface succeeded the era of 
\olcauic eruptions, when the lakes 
were drained, and when the fertility 
of the district was probably en 
lianced by the igneous mattei 
rjected from below, and poured 
down upon the more sterile granite 
During these eruptions, which 
appear to haAe taken place towards 
the close of the Miocene epoch, 
and which continued during the 
Pliocene, various assemblages of 
quadrupeds successively inhabited 
the district, amongst which aic 
fqund the genera Mastodon, liht 
noceros, Elephas, Tapit, Hippo 
potamus, together with the ox, 
various kinds of deer, the bear, the 
hyesna, and many beasts of prey 
which ranged the forest or pastured 
on the plain, and were occasionally 
overtaken by a fall of burning 
cinders, or buried in flows of mud 
such as accompany volcanic erup 
tions Lastly, these quadrupeds 
became extinct, and gave place in 
their turn to the species now exist 
mg There are no signs, during the 
whole time required for this senes 
of events, of tne sea having inter 
vened, or of any denudation which 
may not have been accomplished 
by nvers and floods accompanying 
repeated earthquakes 


Auvergne —The most northern 
of the freshwater groups is situated 
in the valley plain of the Alher, 
which lies within the department 
of the Puy de Dome, being the 
tract which went formerly by the 
name of the Limagne d’ Auvergne 
The principal divisions into which 
the lacustime senes may be 
separated are the following — Ist 
Saiidstoup, gilt and conglomexatc, 
including red marl and led sand 
stone, Jndly, Dreen and white 
foliated marls , irdly. Limestone, 
oi travertin, often oolitic m struc 
tuie , 4thl} , Gypseous marls Tin 
whole rest on granite 

It seems that, when the ancient 
1 ike of the Limagnc first began to 
be filled with sediment, no volcanic 
action had yet produced lava and 
stoiiic on any part of the surface 
of Auvergne No pebbles, there 
fore, of lava, were transported into 
the lake— no fragments of volcanic 
locks embedded in the con 
glomeiate But at a later period, 
when a considerable thickness of 
sindbtone and marl had accumu 
lated, ei uptions bioke out, and lava 
and tuff weie deposited, at some 
spots, alternating with the lacus 
Irine strata It is not improbable 
that both cold vnd hot spiiiigs, 
iiolding diifeiciit mineral in 
giedients in solution, became moie 
numerous duiing the successive 
com ulsions attending this develop 
ment of volcanic agency, and thus 
deposito of calcium carbonate and 
sulphate, with silita, and other sub 
stances were produced The sub 
terranean movements may then 
have continued until they altered 
the relative levels of the countrj, 
iiid caused the waters of the lakes 
to be drained off, and tlit furthei 
accumulation of legulai ficshwater 
strata to cease 

Ollgocene mammalia of 
tbe Xilmagne— It is scarcelv 
possible to determine the age of 
the oldest pait of the freshwater 
series of the Limagne, large masses 
both of the sandy and marly strata 
being devoid of fossils Some of 
the lowest beds may be of Upper 
Eocene date, although, according 
to Pomel, only one bone of a 
Palceotheuim has beendiscoveied 
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m Auvergne But in Velay, m 
strata containing some species of 
fossil mammalia common to the 
Limagne, no less than four species 
of PalcBOthenum have been found 
by Aymard, and one of these is 
generally supposed to be identical 
vtiihPalaothenum magnum, Cuv , 
an undoubted Upper Eocene fossil, 
of the Pans gypsum, the other three 
being peculiar to the Limagne 
Not a few of the other 
mammalia of the Limagne belong 
undoubtedly to genera and species 
elsewhere proper to the Oligotene 
Thus, foi example, the Cat no 
thenum of Bra\ard, a genus not 
far removed from the Anoplo 
thenum, is represented by several 
species A small species of rodent, 
of the genus Titanomys of Meyer, 
IS common to the Ohgocene of 
Mayence and the Limagne d’Au- 
vergne, and a remarkable car- 
nivorous genus, the Hyienodun 


to the duck, stork, and many of 
the swallow tribe, also several 
kinds of pheasants and species of 
trogon and parrot, birds which are 
now confined to Asia and the tropics 
of both hemispheres 

Ollgocene of Belflnmi 
Tongrlan and Bupellan.— 
These strata are marine and fluvio 
marine, and are well developed 
near Tongres, in Limbourg The 
Middle Ohgocene, or Eupelian, 
includes the Marine series of the 
Bolderberg and Argile de Boom (so 
called from the villages of Boom 
and Rupelmonde, south of Ant» 
werp), which cover a fluvio marine 
group with Cerithiummi Pectun 
lulus and the Argile de Hems 
The lower division, or Tongnan, 
includes the sands in the neighbour 
hood of Tongres, and is the con 
tmuation of the Lower Ohgocene, 
or Fgeln series of Germany, cone 
spending with the upper part of 


I'lg 259 
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of Laizer, is lepresented by mon 
than one specie s The same genus 
has also been found in the mails of 
dordwell Cliff, Hampshire, just 
below the level of the Beinbridge 
Limestone, and therefoie in a 
formation of about the same age as 
the gypsum of Pans Several spe 
cies of opossum {Didelphys) ore 
met with in the same strata of the 
Limagne The total number of 
mammalia enumerated by Pomel 
as appertaining to the Ohgocene 
fauna of the Limagne and Velay, 
falls little short of a hundred, and 
with them are associated some 
large crocodiles and tortoises, and 
some ophidians and batrachians 
The birds of the Limagne and 
those of the Mayence basin are, 
according to Milne Edwards, almost 
identical Among those of the 
Limagne are extinct species related 


the Gypseous senes of Montmartre, 
and with the Headon senes of 
England 

Having this base, it is not difti 
cult to comprehend the extension 
of the overlymg middle Ohgocene 
The Argile do Hems is equivalent 
to the green clays with Cyrena of 
the Mayence basin, with the de 
posits at Bembridge m the Isle of 
Wight, and with the upper Mont 
martro green marls which overlie 
the Gypseous series 

The deposits of Klein Spauwen, 
a village to the west of Maestricht, 
which are above the Hems clay, 
are of the same age as the Gres 
de Fontainebleau and as our Hemp 
stead series 

The Upper, or Marine division 
of the Middle Ohgocene of Bel^um, 
with the Argile de Boom and the 
Bolderberg sands, is the equivalent 

Q 
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of the Septarien Thon of Germany 
and the Upper Lacustime senes of 
the Calcaire de la Beauce of 
France 

Hahfhenum is found m the 
Middle Ohgocene, and the teeth of 
Carcharodon, Myliobates, Lani- 
na, and other sharks are common 
to it and the Lower Ohgocene, or 
Tongnan Many small crustacea 
are found m the Middle senes, and a 
fossil lobster (LToiwarw 9 ) The^ait 
tilus (Aturia ziczac, Sow) occurs 
in the upper deposit, and many 
Gastropoda are found, some being 
Lower and others Upper Ohgocene 
forms Leda Deshayestana, Due li 
(fig 259), 18 common to the Lower 
and Middle series, and Centhinm 
pheatum, Lam , is found in the 
Middle series 

The Miocene strata of 
France — Faluns of Ton- 
ralne —The strata which wc meet 
with next in the ascending order 
are those which have no represen 
tatives in the British Islands, and 
were called by some geologists 
‘Middle Tertiary, in 1883 the 
name of Miocene was proposed 
for these strata, the ‘ faluns ’ of the 
valley of the Loire in France being 
selected as a type 

The name ‘faluns’ is given 
provincially by French agri 
culturists to shelly sand and marl 
spread over the land in Toura ne, 
]U8t as the similar shelly deposits 
called Crag were formerly much 
used in Suffolk to fertilise the soil, 
before the coprolitic or phosplmtic 
nodules came into use Isolated 
masses of such faluns occur from 
near the mouth of the Loire, m the 
neighbourhood of Nantes, to as far 
inland as a district south of Tours 
They are also found at Pontlevoy, 
on the Cher, about seventy miles 
above the junction of that river 
with the Loire, and thirty miles 
S E of Tours Deposits of the 
same age also appear under diffe 
rent mineral conditions near the 
towns of Dinan and Bonnes, m 
Bnttany The scattered patches 
of faluns are of slight thickness, 
rarely exceeding fifty feet, and 
between the district called La 
Sologne and the sea they repose on 
a great variety of older rocks, 


being seen to rest successively upon 
gneiss, clay slate, various secondary 
formations (including the chalk), 
and lastly, upon the upper fresh 
water limestone of the Parisian 
tertiary scries, which, as before 
mentioned, stretches continuously 
from the basin of the Some to 
that of the Lone, and which is 
of Ohgocene age Fragments of 
this limestone are included in the 
‘ faluns ’ 

At bome points, as at Louans, 
south of Tours, the shellb an 
stained with feiiuginoua matter, 
not unlike those of the Bed Crag 
of Suffolk llie species an, for 
the most pait, marine, but a few of 
them belong to land and fluviatile 
genera Beraams of teirestrial 
quadrupeds are here nid tlieic 
intermixed, belonging to the genera 


Cervus, and others, and thebe are 
accompanied by Cetacea of extinct 
species 

The mollubcan fauna of the 
faluns indicate a moderate depth 
of watei and a climate warmer 
than that of Europe at the present 
time IhuB it contrins seven 
species of Cyprcea, some larger 
than any existing cowry of the 
Mediterranean, several species of 
Oliva, Ancillaria, Mitia, Terebra, 
Pyrula, Fascwlana, and Com(<i 
The genus Nenta, and many 
others, are albo xeprobented by 
individuals of a type now charac 
tenstic of equatorial seas, and 
wholly unlike any Mediterranean 
forms These proofs of a more 
elevated temperature seem to im 
ply the higher antiquity of the 
faluns as compared with the Suffolk 
Crag, and are in perfect accordance 
with the fact of the smaller pro 
portion of mollusca of recent species 
found m the faluns 

The principal giounds for re 
femng the French faluns to the 
Miocene epoch is the fact that the 
recent species aie m a decided 
minority as compared with the 
hving forms, and most of the 
faluQian shells of living species 
are now inhabitants of the Medi 
terranean, the coast of Africa, and 
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the Indian Ocean , in a word, these 
falunian shells present a less 
northern chaiacter, and point to the 
prevalence of a warmer climate 
They mdicate a state of things 
farther removed from the present 
condition of Central Europe m 
physical geography and tlimatt, 
and doubtless, therefore, receding 
farther from our era in time 

The Miocene strata of 
Bordeaux and South of 
France —A great extent of 
country between the Pyrenees ind 
the Ouondc is overspread by 
tertiary deposits ol various ages 
and chiefly of Miocene date 
borne of these, near Bordeaux, co 
incide m age with the faluns of 
Tourainc, already mentioned, but 
many of the species of shells are 
peculiar to the south The sue 
cession of beds in the basin of the 
Gironde implies several oscillations 
of level by which the same wide 
Trea was alternately converted into 
sea and land oi into brackish 
water lagoons, and hnally into 
freshwatei ponds and lakes 

Among the tieshwatci strata of 
this age neai the base of the 
Pjrcnees aie marls, limestones, 
and sands, in which the eminent 
comparative inatomist, M Lartot, 
obtained a great numbr r of tossil 
mammalia common to the faluns 
of the Loire and the Miocene beds 
of Switzerland, such as Dnio 
tfierluni giqanteuiu, Kaup, and 
Mastodon anqustulens, Ouv More 
recently M G ludry has enumei ated 
16 species of vertebratafiom strata 
of this age at Mont Leberon lu 
Vaucluse, among which are Ma 
cfiavrodus cult} ide)is, Cuv , Ehino 
ceros Schleierinachen, Kaup , Di 
nothenimi giqa}itmm, Kaup , and 
the gigantic luminant Hdladothe 
rium Duvet nom, Gaud et Lari, 
rivalling the Giraffe in stature 
This herbivore had a wide range 
over Europe and Asia, its remains 
having been found in Greeee and 
India But the most remarkable 
of all the remains found m the 
Miocene strata of the South of 
France were the bones of Quadru 
mana, or of the ape and monkey 
tribe, which were discovered by M 
Lartet m 1837 They were referred 


by MM Lartet and de Blainville to 
a genus closely allied to the Gibbon, 
to which they gave the name of 
Pltopithecus In 1866, M Lartet 
described another species of the 
same family of long armed apes 
(Hylobates), which he obtained 
from stiati of the same age at 
Saint Gaudens in the Haute 
Gatonne Tlie fossil remains of 
this animal consisted of a portion 
of a lower jaw with teeth and the 
shaft of a humeiiis It is supposed 
to have been a tree climbing fru 
givorous ape, equalling Man m 
stature As the trunks of oaks are 
common in the lignite beds in 
which it lay, it has received the 
generic name of Drqopithecua 
Pliocene of France —There 
IS some difficulty m distinguishing 
the scattered beds of this age in 
France from those of the Miocene , 
but in some instances there is un 
conformity between the two senes 
Some of the deposits of Pliocene 
age are marine, but the majority are 
ot freshwater ind terrestrial origin 
At Dixmerie, in Brittany, there is 
a sandy deposit m which aie fossil 
shells of species found in the 
Bntish Ctag, but mixed with a 
pieponderance of Miocene foims 
In Roussillon i mirme deposit 
IS found containing similar shells 
The sands of Landes appear to be 
of Pliocene age In the Cotentm 
there are marls with marine shells 
ol Hahthmutn These 
are all deposits of the age of the 
Crags, but, owing to the localities 
being more to the south, the north 
ern element of the niolluscan faun c 
does not predominate in them 

The mammalian fauna of the 
period was part of a very important 
continental assemblage of animals, 
and whilst some of the deposits are 
of the ago of the Forest bed and 
Norwich Crag, others are older, and 
approach the Miocene 

At Saint Piest, near Chartres, 
the characteristic Pliocene elephant 
{Elephas mendtonalts, Nesti) is 
tound, with Rhinoceros etruscus, 
Falc , and Trogonthenmn, asso 
ciated with Hippopotamus majot , 
Nesti 

At Montmlher a marine deposit 
overlies sand with a fossil monkey, 
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Semnopiiheciia monspesaulanus, 
Gerv , Mastodon, Bhmoceroa m<‘ 
garhinns, Christol , Tapirus, Hyte 
na, Fehs, Luira, Laqomys, Sus, 
Cervus, Anhlope, and Hycsnarctos 

In the Auvergne, numerous 
species of deer, a few antelopes, and 
Elephas, Htppopotamt4s, Hyrrun, 
Hippanon, and Machaitodus haAc 
been found 

In the \ alley of the Saline, 
deposits contain Elephas me 
ridionalis, Nesti, E antiques 
Falc , Mastodon arvernensts, Croi? 
et Job, M Borsoni, Hays, Equns 
stenoms, Cocchi, and in the Li 
inagnc the same Mastodons were 
accompanied by lihinoceros, Ma 
chairodus, Tapirus, and Anttlope 
Count Saporta has examined 
the flora of the Older Pliocene of 
Maximieux, near Lyons, and found 
the genera Bambusa, Ltqiudam 
bar, Lmodendron, Acer, Glypiu 
strobus, Magnolia, Populus, and 
Salix There w as a mai ked abun 
dance of evergreens, which gives 


the flora a southern aspect, but 
with a diminishing mean tempera 
ture, the flora became transitional 
between that of the Miocene and 
the present day 

The Pltocene deposits of 
Belg’ium, as now limited by Mour 
Ion, consist of a lower division — 
the Diestien, at the base of which 
aie sands with great quantities of 
bones of Cetaceans with excessive 
elongation of the head (Hetero 
cetaceie) On the ferruginous 
bands of this system rest sands 
with Isocordia cor, L , covered by 
others with Fusus contrarms, 
Sow {Tiophoh antiquum, Mull) 
These two last groups compose the 
Scaldisian system, and contain a 
vast quantity of Cetacean remains, 
with those of fish and also shells 
Beneath the Diestien is the 
Blac k Crag, or Antwerp Crag, which 
lb considered to be a passage bed 
between the Miocene and Pliocene 
formations It is iich in Cetacean 
bones 


CAINOZOIC STRATA OF CENTRAL EUROPE 


Olirocene of Oermany — 

The division of the Oligotene was 
first established by the study of 
strata in North Germany Pro 
fessor Beyrich has made known to 
us the existence of a long suctesbion 
of marine strata in North Germany, 
which lead, by an almost giadual 
transition, from beds of Lower 
Oligocene age to others of the age 
of the Upper Miocene Although 
some of the German lignites called 
Brown Coal belong to the upper 
parts of this series, others of them 
are referred to the Lower Miocene 
and many to the Lower and Middle 
Oligocene Piofessor Beynch con 
fines the term ‘ Miocene ’ to those 
strata which agree in age with the 
faluns of Tourame, and he proposed 
the term ‘ Oligocene ’ for the older 
formations of the district, including 
some formerly classed with the 
Upper Eocene as well as those 
called Lower Miocene by earlier 
authors. 

Oligocene beds of marme and 
freshwater origin occupy depres 
sioQS and detached areas which 


present very distinct faunas and 
floras 

The Lower Oligocene is marme 
above The marine beds of Lgeln, 
with corals and mollusca, cover an 
amber bearing glauconitic sand— 
the amber containing many beau 
tifully preserved insects ~ and 
at the base of all are conglomc 
rates and clays and pitch coal 
—the Lower Brown Coal senes 
The flora is largely composed of 
Conifers, Oaks, Laurels, Magnolia, 
Dryandroides, Ficus, with Sabal, 
Flahellarui, and other Palms 
The facies is subtropical and 
North American, with some Indian 
and Australian types 

The Middle Oligocene is the Sep 
tarien Thon, with Leda Deshaye 
stana, Duch (see fig 269, p 225), 
and in some places plants are found 
forming local Brown coals The 
upper deposits are Brown coals, 
found in the Lower Rhine district, 
and the flora contains the genera 
Acer, Cinnamomum, Juglans, 
Nyssa, Pimtes, Quercus, having a 
Bub tropical American facies Some 
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marine beds contain Terehrahila 
grandts, Blumenb 

Mayencp basin —An elaborate 
description has been published by 
Dr P Sandhergerof the Mayence 
tertiary area, which occupies a 
tract from five to twelve miles in 
breadth, extending for a great 
distance along the left bank of the 
Rhine from Mayence to the 
neighbourhood of Mannheim, and is 
also found to the east, north, and 
south west of Frankfort on Main 


the lowest is the marine sand of 
Weinheim 

Tbe Miocene of the 
Mayence Baeln —This under 
lies the bone bed of Eppelsheim, and 
IS fluviatile, estuarine, and terres 
tnal m its nature The beds contain 
a fauna which differs from that of 
Eppelsheim, none of the genera 
being identical , Ihnothenum, Pa 
Icpomeryx, Microthenum, Hippo 
thenum occur in them Amongst 
the shells are Dreissena, Myhlus, 
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Hilmersdorf lliilin New Brandenburg 



Section through the basin of Berlin a Older Rofk', b Lower Ollgocene (Gian 
conite sands (Sec ) c Middle Oligoceiie (Septana ciav) rf Stettin sand ("Upper 
Oligoceue (sands) / Miocene (Lignite or Brown Coal dejio&its) (/ Drift (After 
Berendt and Kayser ) 


De Koninck, of Liege, has pointed 
out that the purely marine portion 
of the deposit contained many 
species of shells common to the 
Klein Spauwen beds and to the 
clay of Bupelmonde, near Antwerp 
The deposits underlie the sand 
stones with leaves and the Cen 
thium limestones of the Miocene, 
and may be divided into three 
groups The upper is a Cyrena 
marl with Cyrena semistnata, 
Desh , and Centhium phcatum, 
Lorn , the middle is a clay with 
Leda Heshayesiana, Duch , and 


AudLUtorineUa Among the plants 
are Sabal and Cinnamomum 
The Miocene rests on the Cyrena 
marl of Oligocene age 

German Pliocene —At Ep 
pelsheim, near Worms, there is 
a group of sands and gravel with 
lignite, containing mammalian re 
mains, overlying a freshwater for 
mation of later Miocene or Older 
Pliocene age The mammalia be 
long to the genera Ihnothenum, 
Mastodon, Rhinoceros, Hippo 
therium, Sus, Felis, and Cervus 


CAINOZOIC STRATA OF THE ALPINE DISTRICTS 
AND SWITZERLAND 

Ifummulltlo Pormatlon of fossils except impressions of fu 
Soutliem Burope, Ada, AOt coids , while the upper part of the 
In the Alps and Southern Europe Eocene is developed on a grand 
generally, the Lower Eocene is scale, and contains beds of lime 
represented by the sandy and stones crowded with Nummulites 
argillaceous strata known as Flysch To these strata the name of 
and Macigno, which contam few Nusunulitio is given 



THE MOLASSE OF SWITZERLAND [ctt xv 


Of all the rocks of the Eocene 
period, no formations are of such 
great geographical importance as 
tlie Upper and Middle Eocene, or 
Nummulitic Separate groups of 
strata are often characterised by 
distinct species of Nummulites The 
nummulitic limestone of the Swiss 
Alps rises to more than 10,000 feet 
above the level of the sea, and attains 
here and in other mountain chains 
a thickness of se\eral thousand 
feet It may be said to plaj a far 
more conspicuous part than any 
other Tertiary group in the solid 
framework of the earth’s crust, 
whether in Furope, Asia, oi North 
Africa It occurs m Algeria and 
Morocco, and has been traci d from 
Egypt, wliere it was largely quanied 
of old for the building of the 
pyramids, into Asia Minor, and 
across Persia by Bagdad to the 
mouths of tho Indus It has 

been observed not only m Cutch, 
but in the mountain ranges which 
separate Sind from Persia, and 
which form the passes leading to 
Cabul, and it has been followed 
still farther eastward into India, as 
far as Eastern Bengal amongst the 
Himalaya'^, and the frontier s ol 
China 

Dr T Thomson found Nummu 
lites m Western Thibet at an do 
vatioii of no less than 16,1)00 feet 
aboie the level of the sea One of 
the species, which occurs very abun 
dantly on the flanks of the Pyrenees, 
m a compact crystalline marbk, is 
called by M d'ArchiacA^w wwwfiffs 
Puschi (fig 183, p 104) The same 
18 also very common in rocks of th( 
same age in the Carpathians 

When we have once arrived at 
the conviction that the Nummulitic 
formation occupies a middle and 
upper place in the Eocene series, 
we are struck with the compara 
tively modern date to which some 
of the greatest revolutions in the 
physical geography of Europe, Asia, 
and Northern Africa must be re 
ferred All the mountain chains, 
such as the Alps, Pyrenees, Car 
pathians, and Himalayas, into the 
composition of whose central and 
loftiest parts the Nummulitic strata 
enter bodily, could have had no such 
altitude till after the Middle Eocene 


period During that period tho sea 
mamly prevailed where these chains 
now rise, for the Nummulites were 
unquestionably inhabitants of salt 
water 

Tbe Lower Molasse of 
Bwitxerland (Aqultanian) — 

In Switzerland the Nummulitic 
formation is coveied by great de 
posits of Oligocene, Miocene, and 
Pliocene age These strata, which 
are of great thickness and include 
deposits of marine, brackish water, 
and freshwater origin, are called by 
the Swiss geologists Molasse 

The Miocene or Molasse Forma 
tion of Switzerland consists of the 
following membeis — 

1 The Upper Freshwater Mo 
lass( , including the Laciibtrine 
Marls of Oeningen 

2 The Marine Molasse corre 
yx)nding m age with llu* faluns of 
Touraine 

8 The Lower Fresliwater 
Molasse 

Nearly the wliole of this Lower 
Molasse is freshwater, yet some 
of the inferior beds contain i 
mixture of marine and fluvuitile 
shells, the Ceiithunn phcatuui, 
Lam, a well known Oligocene 
fossil, being one of the marine 
species Notwithstanding, there 
fore, that some of these Oligocene 
strata consist of old shinglt beds 
several thousand feet m thickness, 
as m the Rigi near Lucerne, and m 
the Speer near Wesen, forming 
mountains 6,000 and 7,000 feet 
above the sea, the deposition of tin 
whole senes must have begun atoi 
below the sea level 

The conglomerates, as might be 
expected, are often very unequal in 
tluckness in closely adjoining dis 
tricts , since in a littoral formation 
accumulations of pebbles would 
swell out in certain places where 
rivers entered the sea, and would 
thin out to comparatively small 
dimensions where no streams, or 
only small ones, came down to 
the coast For ages, m spite of 
a gradual depression of the land 
and adjacent sea bottom, the rivers 
continued to cover the sinking area 
with their deltas , until finally, the 
subsidence being m excess, the sea 
of the Middle Molasse gamed upon 



CH XV ] MIDDLE AND UPPER MOLASSE 


281 


the land, and marine beds were 
thrown down over the dense mass 
of freshwater and brackish water 
deposit, called the Lower Molasse, 
which had previously accumulated 
riora of the Lower 
Molasse.— In part of the Swiss 
Molasse which belongs exclusnely 
to the Oligocone Period, the 
number of plants has been esti 
mated at more than 500 species 
The series may best be studied on 
the northern borders of the Lake 
of Geneva between Lausanne and 
V^vay The strata there consist 
of alternations of conglomerate, 
sandstone, and finely laminated 
mails with fossil plants The flora 
contains, according to Heer, 103 
species, of which 81 pass up into 
the flora of Oemngen 

The proofs of a warmer climate 
and the excess of arborescent ovei 
herbaceous plants and of evergreen 
trees over deciduous species, are 
characters common to the whole 
flora, which are intensihed as we 
descend to the inferior deposits 
Among the Coniferss the Seqxma 
18 common at Rivaz, and is one of 
the most universally distributed 

f ilants m the Oligocene of bwitzer 
and 

Lastrcea stmaca, Unger, has a 
wide range in the Teitiary period 
from strata of the age of Oenmgeii 
to the lowest pait of the Swiss 
Molasse In some specimens, as 
shown in fig 192, p 199, the fructi 
fication IS distinctly seen 

Among the laurels several 
species of Cinnamomxirn are very 
conspicuous Besides C Pohj 
morphuxn, Ad Brong, before 
figured (fig 108, p 181), another 
species also ranges from the Lower 
to the Upper Molasse of Switzer 
land, and is very characteristic of 
different deposits of Brown Coal in 
Germany It has been called Cm 
namomurn Bosamasshrt, Heer 
(See fig 196, p 200 ) 

American ebaraoter of 
the flora —If we consider not 
merely the number of species but 
those plants which constitute the 
mass of the Oligocene v egetation, we 
find the European pait of the fossil 
flora very much less proimnent 
than m the Oemngen beds, while 


much more conspicuous are Amen 
can foims, such as evergreen oaks, 
maples, poplars, planes, Liquid 
ambar, Bobinia, Sequoia, Taxo 
dium, &c There is also a much 
greater fusion of the characters now 
belonging to distinct botanical pro 
Vinces than in the Miocene flora, 
and we find this fusion still more 
strikingly exemplified when we go 
back to the antecedent Eocene and 
Cretaceous periods 

Middle or Marine Molasee 
of Switzerland (' Helvetian ') 
Some of the beds of the marine or 
middle series reach a height of 
2,470 feet above the sea A largo 
number of the shells are common 
to the faluns of Touraine, the Vienna 
basin, and other Upper Miocene 
localities The terrestrial plants 
play a subordinate part in the fossi 
liferous beds, yet more than ninety 
of them are enumerated by Heer as 
belonging to this Palunian division, 
and of these more than half are 
common to the subjacent lower 
molasse, while a proportion of 
about 45 in 100 aie common to the 
ovei lying Oemngen flora, 26 of the 
92 species are peculiar Eemaius 
of an ape {Drxjopxthecus) have been 
found in these beds 

Upper Miocene flresb- 
water Molasse —This formation 
18 best seen at Oemngen, in the 
valley of the Rhine, between Con 
stance and bchaffhausen, a locality 
celebrated for having produced m 
the year 1700 the supposed human 
skeleton called by Scheuchzer 
‘ homo diluvii testis,’ a fossil after 
wards demonstrated by Cuvier to 
be a reptile, or aquatic salamander, 
of larger dimensions than even its 
great living representative the 
saiamandei of Japan 

The Oemngen strata consist of 
a senes of sandstones, marls, and 
limestones, many of them thinly 
laminated, which appear to have 
slowly accumulated m a lake pro 
bably fed by springs holding cal 
cium carbonate in solution 

All the fossil bearing strata of 
Oemngen were evidently formed 
with extreme slowness Although 
they are m the aggregate not more 
than a few yards in thickness, and 
have onl) been examined in a small 
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area, they give us an insight into ferred by many botanists to the 
the state of animal and vegetable Proteacee 
life in part of the Miocene period, The conclusions drawn from the 
such as no other region in the world insects are for the most part in 

has elsewheie supplied In the perfect harmony with those derived 

year 1869, Prof Heer had already from the plants, but they have a 

determined no less than 476 species somewhat less tropical and less 
of plants and more than 800 insects American aspect, the South Euro 
from these Oenmgen beds He sup pean types being more numerous 
posed that a river entering a lake On the whole, the insect fauna is 
floated into it some of the leaves and richer than that now inhabiting any 

land insects, together with the car part of Europe No less than 844 

cases of quadrupeds, among others species weie enumerated by Heer 
that of a great Mastodon Occa from the Oenmgen beds alone, the 
sionallj, during tempests, twigs and number of specimens which he 
e\en boughs of trees with then examined being 6,080 Nearly all 
leaves were tom off and carried for the species belong to existing 
some distance so as to reach the genera Almost all the living 
lake Spiings, containing calcium families of Coleoptera are repre 
carbonate, seem at some points to sented , but, as we might havo an 
have supplied calcareous matter m ticipated from the preponderance of 
solution, and to have thus formed a arborescent and ligneous plants, 
tufaceous limestone or travertine the wood eating beetles play the 
The Upper Miocene flora of most conspicuous part, tiie Bupres 
Oenmgen contains some tropical tidas and other long horned beetles 
forms, like Palms, Cinnamomum, being particularly abundant The 
and Vines, with leaves and fruits patterns and some remains of the 
of trees like Acer, and Platamis , colours both of Coleoviera and 
the cones and leaves of pines such Hemtptera are preserved atOemn 
as Glypiostrobus , and forms re gen (fig 178, p 183) 

CAINOZOIC STRATA OF THE ITALIAN PENINSULA 

It IS in the Italian peninsula and The Marine Oligocene is of great 
in Sicily that we find the grandest importance, containing only few 
development of the Newer Ter Nummulites, but a most interesting 
tiary strata reef building coral fauna 

Ollfocene of Italy —In the Miocene strata of Italy.— 
hills of which the Superga, neai We are indebted to Signor Miche 
Turin, forms a part, there is a great lotti for a valuable work on the 
senes of Tertiary strata winch pass Miocene shells of Northern Italy 

downwards into the Oligocene Those found in the hill called the 

Even in the Superga itself there Superga, near Tunn, have long been 

are some fossil plants which, accord known to correspond m age with 
ing to Heer, have never been found the faluns of Touraine, and they 
in Switzerland so high as the contain so many species common to 
marine Molasse In several parts the Miocene strata of Bordeaux as 
of the Ligurian Apennines, as at to lead to the conclusion that there 
D^go and Carcore, the Oligocene was a free communication between 
appears containing some Nummu the northern part of the Medi terra- 
lites, and at Cadibona, north of nean and the Bay of Biscay during 
Savona, freshwater strata of the the Miocene Period In the adjoin 
same age occur, with beds of Iig mg hills to the Superga, these 
nite enclosing remains of the An Tertiary strata pass down into the 
thracothmtim magnum , Cu v , and Oligocene 

A minus, Cuv , besides other Older Fllooene of Italy.— 
mammalia enumerated by Gas Subapennlne strata. — The 
taldi In these beds a great num Apennines, as is well known, are 
her of the Oligocene plants of composed chiefly of Secondary or 
Switzerland have been discovered Mesozoic rocks, forming a chain 
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which branches off from the Li 
gunan Alps and passes down the 
middle of the Italian peninsula At 
the foot of these mountains, on the 
side both of the Adriatic and the 
Mediterranean, are found low hills 
occupying the space between the 
older chain and the sea Their 
strata belong both to older and 
newer members of the tertiary series 
The strata, for example, of the 
Superga, near Turin, are Miocene , 
those of Asti and Parma Oldei 
Pliocene, as is the blue marl of 
Siena, while the shells of the 
overlying yellow sand of the same 
territory approach more nearly to 
the recent fauna of the Mediterra 
nean, and may be Newer Pliocene 
We have seen that most of the 
fossil shells of the Older Plio 
cene strata of Suffolk which are 
of recent species are identical 
with mollusca now living in British 
seas, yet some of them belong 
to Mediterranean species, and a few 
e\en of the genera are those of 
wanner climates We might there 
fore expect, in studying the fossils 
of corresponding age in countries 
bordering the Mediterranean, to 
ffnd some species and genera of 
wanner latitudes among them 
Accordingly, in the marls belonging 
to this period at Asti, Parma, Siena, 
and parts of the Tuscan and Roman 
territories, we observe the genera 
Conus, Cypraa, Strombus, Fy 
rula, Ultra, Fasciolana, Sigare 
tut, Delphtnula, Ancillana, Oliva, 
Terebellum, Terebra, Pema, Pb 
catula, and Corbts, some charac 
teristic of tropical seas, others 
represented by species more 
numerous or«of larger size than 
those now proper to the Medi 
terranean 

Older Pllooene flora of 
Italy .—The Val d’Arno blue clays, 
with some subordinate layers of 
lignite, exhibit a richer flora than 
the overlying Newer Pliocene beds, 
and one receding farther from the 
existing vegetation of Europe 
They also comprise more species 
common to the antecedent 
Miocene period Among the 
genera of flowering plants, M 
Gaudm enumerates pine, oak, ever 
green oak, plum, plane, alder, elm. 


fig, lauiel, maple, walnut, birch, 
buckthorn, hiccory, sumach, sarsa 
parilla, sassafras, cinnamon, Qlyp 
tostrobus, Taxodium, Sequoia, 
Persea, Oreodaphne, Cassia, and 
some others This assemblage of 
lants indicates a warm climate, 
ut not so subtropical a one as that 
of the Upper Miocene period 
Newer Pllooene strata of 
Sicily —At several points north of 
Catania, on the eastern sea coast of 
Sicily— as at Aci Gastello, Trezza, 
and Nizzeti for example— marine 
strata, associated with volcanic tuffs 
and basaltic lavas, are seen, which 
belong to a period when the first 
Igneous eruptions of Mount Etna 
were taking place in a shallow bay 
of the Mediterranean They con 
tain numerous fossil shells, and 
out of 142 species that have been 
collected, all but eleven are identi 
cal with species now living Some 
few of these may possibly still 
linger in the depths of the Medi 
terranean 

There is probably no part of 
Europe where the Newer Pliocene 
formations enter so largely into the 
structure of the earth’s crust, or 
rise to such heights above the level 
of the sea, as Sicily They cover 
nearly half the island, and near its 
centre at Castrogiovanni, reach an 
elevation of 3,000 feet Seguenza 
has divided the deposits into three 
groups, the oldest or Zanclean 
being composed of marls and lime 
stones Many tropical shells are 
found, and out of 504 species 
about 17 per cent only are found 
living m the Mediterranean 

Large tropical shells and many 
littoral and deep sea corals and fo 
rominifera are found in this series 
On the top of the Zanclean are 
blue clays followed by Ostian yellow 
sands The Zanclean is Older Plio 
cene, and the superincumbent 
strata are Newer Pliocene 

South of the plain of Catania is 
a region in which the tertiary beds 
are intermixed with volcanic 
matter, which has been for the 
most part the product of submarine 
eruptions It appears that, while 
the Newer Pliocene strata were in 
course of deposition at the bottom 
of the sea, volcanoes burst out 



234 


VAL D'ARNO BEDS 


fOH XV. 


beneath the waters, like that of 
Graham Island in 1831, and these 
explosions recurred again and again 
at distant intervals of time 
Volcanic ashes and sand were 
showered down and spread, by the 
waves and currents, so as to form 
strata of tuff, which are found 
intercalated between beds of lime 
stone and clay containing marine 
shells, the thickness of the whole 
moss exceeding 2,000 feet 

No shell IS more conspicuous 
in these Sicilian strata than the 
great scallop, Pecten Jacobceus, L , 
(fig 166, p 176), now so common in 
the neighbouring seas The more 
we reflect on the preponderating 
number of this and other recent 
shells, the more are we surprised 
at the great thickness, solidity, and 
height above the sea of the rocky 
masses in which they are entombed, 
and the i ast amount of geographical 
change which has taken place since 
their origin 

Newer Pliocene strata of 
tbe Upper Val d’Arno —When 
we ascend the Arno for about 10 
miles above Florence, m e arrive at 
a deep, narrow valley, called tlu 
Upper Val d Arno, which appears 
to have been a lake at a time 
when the valley below Florence was 
an arm of the sea The horizontal 
lacustrine strata of this upper basm 
cover an area 12 miles long and 


2 broad The depression which 
they fill has been excavated out 
of Eocene and Cretaceous rocks, 
which form everywhere the sides 
of the valley and exhibit highly 
inclined stratification The thick 
ness of the more modern and un 
conformable beds is about 750 
feet, of which the upper 200 feet 
consist of Newer Pliocene strata, 
while the lower are Older Pliocene 
The newer series are piade up of 
sands and a conglomerate called 
‘ sarsino ’ Cocchi has found a 
Macacus in them, and a second 
species has been discovered by 
Forsyth Major, and these are 
amongst the last fossil Monkeys of 
Europe Among the embedded 
fossil mammalia are Mattodon 
arvernnms, Croiz et Job , Elephas 
mendtonahn, Nesti, Hhnocerot 
etruscus, Falc , Hippopotamus 
major, Nesti, and remains of the 
Bear, Hysena, and of Ftlidse, nearly 
all of which occur in the Cromer 
forest bed 

In the same upper strata are 
found, according to Gaudin, the 
leaves and cones of a Glyptosti obus 
( losely allied to one now inhabiting 
the north of China and Japan 
This conifer had a wide range in 
time, having been traced back to 
the Ohgocene strata of Switzerland 
and being common at Oenmgen m 
the Upper Miocene 


CAINOZOIC STRATA OF EASTERN FURORE 


In Eastern Europe and the 
Vienna basin we find great deposits 
of sandstone and shale, of Eocene 
age, known as the Flysch It is 
poor in fossils, but sometimes con 
tains enormous numbers of erratic 
blocks of granite, gneiss, and other 
old rocks, which appear to have 
come from Central Europe Ihe 
beds are believed by some geologists 
to have in part at least a glacial 
origin 

Ollffocene beds of Croatia 

The Brown Coal of Radaboj, near 
Agram, in Croatia, not far from 
tbe borders of Styria, is covered, 
says Von Buch, by beds containing 
the marine shells of the Vienna 
basin The strata correspond 


m age to the Middle Ohgocene 
of Belgium They have yielded 
more than 200 species of fossil 
plants, described by the late Pro 
fessor Unger These plants are 
well preserved iii a hard marlstoiie, 
and contain several palms , among 
them Sabal (fig 193, p 200), and 
another genus allied to the date 
palm The only abundant plant 
among tbe Rauiaboj fossils which is 
characteristic of the Miocene period 
IS the Populus mutabihs, Heer, 
whereas no less than fifty of the 
Badaboj species are common to the 
more ancient flora of the Lower 
Molasse or Ohgocene of Switzer 
land 

The insect fauna is very rich, 
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and, like the plante, indicates a 
more tropical climate than do the 
fossils of Oeningen already men 
tioned There are ten species of 
Termites, or White ants, some of 
gigantic size, and large dragon flies 
with speckled wings, like those of 
the Southern States in North 
America, there are also glass 
hoppers of considerable size, and 
even the Lepidoptera are not un 
represented (See fig 197, p 201 ) 

In the Vienna basin we find 
strata possibly as old as the Uppei 
Oligocene, with Centhium ph 
catum, Lam , in the marine layers 
and Melania in the freshwater de 
posits 

Miocene beds of tbe 
Vienna basin —In South Ger 
many the general resemblance of 


the Vienna basin the remains of 
several mammalia have been found, 
and among them a species of Jhno* 
thertum, a Mastodon of the Tnlo 
phodon division, a Rhinoceros 
(allied to B meyaihmus, Chnstolh 
also an animal of the hog tribe, 
{Listnodon, Von Meyer), and a 
carnivorous animal of the canine 
family The Helix turonensis, Desh 
(fig 63, p 66), the most common 
terrestrial shell of the French 
faluns, accompanies the above land 
animals 

The flora of the Vienna basin 
exhibits some species which have a 
general range through the \vhole 
Miocene period 

There are two nuin divisions in 
the Miocene tertiariea of the great 
aiea called the Vienna basin 


Fig 2C1 



Diagrammatic Section through the Vienna Basin (After Karrer and Kayser ) 
a Trystallme rocks of the Leitha Mountains b Flysch (Eocene) of the Vienna 
Bills r Miirine Miocene (Mediterrantan senes) <t Brackish water, Upper 
Miocene (Sannatinn strus) e Pliocene (Congeria Beds) / Drift g Allu 
viuin 


the shells of the Vienna tertiary 
basin to those of the faluns of 
Touraine has long been acknow 
ledged 

According to Pioltssor Suess, 
the most ancient and purely marine 
of the Miocene strata in this basin 
consist of sands, conglomerates, 
limestones, and clays, and they are 
inclined inwards, or from the 
borders of tbe trough towards 
the centre, their outcropping 
edges rising much higher than 
the newer beds, whether Mio 
cene or Pliocene, which overlie 
them, and which occupy a smaller 
area at an inferior elevation above 
the sea Dr Hornes has described 
no less than 600 species of Gastro 
poda, of which he identifies one 
fifth with living species of the 
Mediterranean, Indian, or African 
seas In the lowest marine beds of 


Sandstones, limestones, and clays, 
with Cerithia, and vast quantities 
of a few species of Tapes, Mactra, 
Miirex, &c Corals and Bryozoa 
are lare This Sarraatian division 
covers a marine group with lime 
stones crowded with corals— the 
Leithakalk— which was deposited 
at a period when a subtropical 
climate prevailed 

Pliocene strata of the 
Vienna basin —The Congerian 
strata, which contain vast numbers 
of Congena aubglobosa, Partsch, 
are sands with the bones of large am 
mals overlying a clay of 800 feet in 
thickness The fossils indicate Cas 
pian conditions, rather than those 
of an open sea, and show that there 
was an inland gulf, with its water 
gradually becoming brackish and 
fresh 

As might be expected, deposit# 
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of rock salt, gypsum, and anhy 
dnte occur in this formation, the 
result of evaporation of the old sea 
The mammalia belonged to the 
genera Dtnotherium, Mastodon^ 
Acerothenum, Bhitioceros, Hippo 
therium, Machatrodus, Hycena, 
Cervus, and Antilope The flora 
includes conifers of the genera 
Sequoia, Pinus, Glyptostrobus , 
with dicotyledons, like the Birch, 
Alder, Oak, Beech, Chestnut, Horn 
beam, Liquidambar, Plane, Laurel, 
Cinnamon, and forms referred to 
the Asiatic genus Parrotia, and 
the Austialian Halea 

Older Pliocene formations 
of Greece —At Pikermi, near 
Athens, Wagner and Both have 
described a deposit in which they 
found the remanib of a splendid 
fauna This fauna attests the 
former extension of a vast expanse 
of grassy plains, where we have now 
the broken and mountainous coun 
try of Greece , and these plains vveu 
probably united with Asia Minoi, 
spreading over the area where tin 
deep Algean Sea and its numerous 
islands are now situated, and ex 
tending into Africa We are in 
debted to Gaudry for a treatise on 
the fossil bones of Pikermi, show mg 


BooenOf Oliffocene, and 
Miocene of India —In Smd we 

find strata of Miocene age resting 
upon an important Oligocene serieb 
called the N an series, which contains 
a characteristic fauna of reef build 
ing corals, and very flat Echinolam 
pads, with a few Nuramuiites The 
Oligocene strata rest on the Nuni 
mulitic 

Pliocene of Zndla —In the 

Sind area, the succession of Eocene, 
Oligocene, and Miocene marine 
strata is covered by freshwater and 
terrestrial deposits of great thick 
ness, called Manchhar beds These 
last ore the geological equivalents 
of the conglomerates, sands, marls, 
and gravels which flank the Hima 
lavas on the south, and which are 
called the Sivillik strata The latter 
are terrestnal and freshwater de 
posits, and are the results of the 
denudation of the country during 


how many data they contribute to 
the theory of a transition from 
the mammalia of the Pliocene 
and Pleistocene to those of living 
genera and species For example, he 
recognised such synthetic types as 
an Ape [Mesopithecm) intermediate 
between the living genera Semno 
pithecus and Macacus , a carnivore 
intermediate between the hyaena 
and the civet, a pachyderm 
(Hipparion) intermediate between 
the Anchthenum and the horse 
and a ruminant intei mediate 
between the goat and the antilope 
The Carnivora belong to the genera 
Machanodus, several species of 
teliH, Hi/cena, Hyanictn, Limno 
cyon, Mustela, Ictitho turn, Pio 
mephttts. Rodents, Hystiix, 
Edentata, Ancylothtrnim , Pro 
boBcidffia, Mastodon, Dinothenum 
Perissodaetjln, several species of 
Bhinoeeroi, Aceroikenum, Lepto 
d on, Hipparion , Artiodactyla, Sus, 
Camelopardali ?, Helladotherium, 
Antilope, Gazelle, Palaoiyx, Pa 
leeoreas, Dromotherium A turtle, 
a Saurian, birds of the pheasant 
tribe, and a crane have also been 
found This remarkable assemblage 
IS characterised by a strong African 
element 


the time when the Himalayas gra 
dually lose into a great mountain 
mass 

In tJie Manthhars tin following 
genera of Vertebrata have been 
discovered —Amphiryon, a carni 
vore, Proboscideea, Mastodon (three 
species), Dinothenum , Pensso 
d&ctyh, Bhi)ioceros,AcerQthenum, 
Artiodactyla, Sus, Hemimerya, 
Sivameryx, Chalicothenum, An 
thracothenum, Hyopotamus, Hyo 
thenum, Dorcothenum , Edentata, 
Mams , Reptilia, Crocodtlus, Che 
Ionia, Ophidia, &c 

The molluBca of the Sivilhk 
strata, now that tlie recent foims 
of India have been studied, turn out 
to be identical with living forms, or 
to be closely allied The genera of 
Vertebrata are—Quadrumana, Ma 
cacus, Semnopithecus , Carnivora, 
Felts, Machairodus, Pseudaleu 
ru$, Ichthenum, Hycena, Cams 


CAINOZOIC STRATA OF INDIA 
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(vulpes), Amphtcyon, Ursus^Hym 
narctus, Melhvora {melea)^ Lutra, 
EnhydnodoHy Proboscidsea, Ele 
phcu, Mastodon , Penssodactyla, 
Rhinoceros, Acerothennm, Lis 
tnodon, Equus, Hipparion, 
Artiodactyla, Hippopotamus, Hip 
popotamodon, Tetrocondon, Sus, 
Hippohyiis, Chahcothenum, Me 
rycopotamus, Cervua, Dorea 
therinm, Camelopardalis, Siva 
theniim Hydaspithenum, Bos, 


Bison, Bubalus, Penbos, Ampht 
bos, Hemibos, Antilope, Capra, 
Ovis, Camelus, Rodentia, Bhi 
zomys, Hysfnx, Reptilia, Croco 
dtlus, Ohaviahs, Emys, Colosso 
chelys 

Some of the Siv^lik fauna lived 
on during the Pleistocene age, and 
their remains have been found m 
the liver gravels of the Nerbudda 
and Godifven, accompanied by im 
plements of man s making 


POST PLIOCENE DEPOSITS OF NOETTTERN EUROPE 
AND THE ALPINE DISTRICTS 


Post Pliocene deposits of glaciil 
origin, moie oi less similar to those 
of Western fJurope, whu h we have 
described, are found all over North 
orn and Cential Europe, and even 
in the mountainous parts of the 
south of the continent 

As fai south IS the Halt/ 
Mountains and the Riesengebirge 
we find masses of boulder clay uid 
glacial sands, of varying thickness 
up to 400 feet They aie full of 
eriatic blocks of gianite, gneiss, 
and other rocks, some of wluth can 
be identified is luivingeome from 
Scandinavia, while otheis an of 
more local origin On the moun 
tains of Central Euiope these 
erratic blocks are sometimes found 
at heights of from 1,200 to Ij'iOO 
feet The rocks on which thesi 
glacial deposits he areofUii iiiuih 
striated, they present gieat pot 
holes (‘giant kettles’) formed by 
glacier mills, and thcie are easily 
recognisable moraines which no of 
great length and height Beds of 
clay and sand containing marine 
shells, soinetinies of vtiy aietie 
character {Yuldia or Leda clays), 
are found, with otheis containing 
more temperate foiins which aie 
believed to represent pre glacial or 
interglacial deposits The Geiman 
geologists classify their Post Plio 
eene deposits as follows — 

Post Glacial —'Upper sands 
Newer Glacial— Upper Boul 
der Clay (yellow) 

Interglacial — Middle sands 
(with mammalian remams), con 
taming intercalated bands of calca 
reous tufa 


Older Glacial —Lower Boulder 
Clay (blue) 

Pre Glacial — Stratified Sands 
and Clays, sometimes containing 
raaiine shells 

The Glacial Deposits of 
Scandinavia and Russia — 

In large tracts of Norway and 
Sweden, where there have been no 
glaciers m historical times, the 
signs of ice action hav e been traced 
as high as b,000 feet above the 
level of the se i These signs con 
sist chiefly of polished and furrowed 
101 k surf ices, of moraines and 
ciiatic bloikh The direction of 
the erratics, like th it of the furrows, 
has Usually been conformable to 
the course of the pimcipal valleys, 
fmt the lines of both sometimes 
ladiate outwards m all directions 
Irom the highest land, in a manner 
which IS only expluable by the 
hypothesis of i gent ml envelopt 
of continental ice, like that of 
Creenlind Some of the far 
transported blocks have been 
earned fioin the central pirts of 
bcandmavia towirds the Polar 
regions, others southwards to 
Deninaik , some south westwards, 
to the coast of Norfolk in England , 
other south-eastwards, to Ger 
many 

In the immediate neighbour 
hood of Upsala, m Sweden, there 
occurs a ndge of stratified sand 
and gravel, m the midst of whuh 
occurs a layer of marl, evidently 
formed originally at the bottom of 
the Baltic, and containing the 
mussel, cockle, and other marine 
shellfi of living species, intermixed 
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With some proper to fresh water 
The marine shells are all of dwarhsh 
size, like those now inhabiting the 
brackish waters of the Baltic , and 
the marl, m which many of them 
are embedded, is raised more than 
100 feet above the present level of 
the Gulf of Bothnia Upon the to}» 
of this ridge repose several hugc 
erratics, consisting of gneiss, for tin 
most part unrounded, from 9 to 16 
leet in diameter, which must have 
been brought into their presnit 
position since the turn when Iht 
neighbouring gulf was alieady 
characterised bj its pet nliar f luna 
Here, therefore, we have proof that 
the transport of eiratics contimiod 
to take place not inert ly when the 
sea was inhabited by the existing 
mollusca, but when the North of 
Europe had already assumed that 
remarkable feature of its physical 
geography whicli separates tlio 
Baltic from the Noitli Sea, and 
causes the Gulf of Bothnia to have 
only one foiuth of the saltness 
belonging to the ocean In Den 
mark, also, recent shells have been 
found m stratihed beds, closely 
associated with the boulder clay 
The geologists of Sweden and 
Noiway have classified their Post 
I’lioccne deposits as follows — 

Post Glaual —Bedded sands 
formed during the retreat of the 
glaciers 

l^ewer —Upper Boul 

der Clay (yellow) 

Intel glacial — Bedded samls 
and clays with remains of the 
dwarf birch, Ac , best seen in 
Scania, Southern Sweden 

Older Glacial — Lower Boulder 
Clay (blue) 

The Asar, corresponding to our 
tskers or karaes, are gieat ridges 
composed of sand and pebbles, 
which run, often in sinuous lines, 

-u ross the country for many miles, 
and are sometimes more than 100 
feet in heigli t By some authors they 
are regarded as being moraines, by 
others as being accumulated by 
the waters flowing from the ice 
sheets during their retreat 

Drift Deposits of Moun- 
tain Districts.— In the higher 
legions of mountains, where the 
amount of snow that falls m 


winter so far exceeds the loss in 
summer, through melting and 
evaporation, an indefinite thickness 
would accumulate if it were not pre 
vented by the formation of n(>ve 
This becoming giadually converted 
into ice, the glaciers are fed, and 
they glide down the principal 
valleys On tlie glaciers’ surface 
are seen long lines or heaps of 
sand and mud, with angular frag 
ments of lock, which fall in 
quantities from the steep slojies or 
precipiLts on eitlier side, wheic 
the locks are daily exposed to great 
changes of temperature These 
deposits, being arranged along thi 
sidfs c{ the glacier, arc termed 
latnal wuiaines When two 
glaciers nu c t, unite, and contniiu 
their course, the right lateial 
moraine of the one and the left of 
the otlui meet together m the 
centre of the joint glacier, forming 
what IS called a medial moiauu 
These surface inoiaines finally fall, 
or are dropped at the lower end or 
foot of the glacier, and foim the 
ienmnal muiaim 

Besides the bloc ks tliiis earned 
down on the top oi the glacier, 
many fall, thiough fissmes m the 
ite, to the bottom, vvheie some of 
them become firmly frozen into the 
mass, and irt pushed along the 
base of the glaciti, ibiading, 
polishing, and giooviiig the loekj 
ilcxir below, as a diamond cuts 
glass, or as emery powder polishes 
bteej, and the laigci blocks are 
leciprocally giooved and polished 
by the rocky floor on their lower 
sides Stones which have been 
frozen into the bottom of the glacier 
scratch the adjacent rocks, produ 
cing long striae The etrite and tlie 
deep grooves thus made areiecti 
linear and paiallel to an extent 
never seen in those produced on 
loose stones or rocks, where shingle 
is hurried along by a toireiit, or by 
the waves on a sea beach At the 
same time a stream of water, pro 
duced by the rafelting of the ice, 
issues from beneath the glacier 
charged with mud, derived, not only 
from the atmospheric waste of the 
rocks above, but in part also from the 
crushing of the fragments of stone, 
which have reached the bottom of 
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the glacier, and the abrasion of its 
rocky floor 

In addition to these polished, 
striated, and grooved surfaces of 
rock, another proof of the foiiner 
action of a glacier is afforded by 
the ‘roches moutonnees,’ or pro 
jecting eminences of rock which 
have been smootlied and worn into 
the shape of flattened domes by the 
glacier as it passed o\er them 
They ha\e been tiaced in the Alps 
to great heights above the piesent 
glacieiB, and also to great distanci s 
below and beyond them If the 
glaciei IS gieatly (bnuinslitd by 
melting, large angular fTa„menth, 
which are called ‘perched blocks,’ 
are left behind 

Alpine blocks on tbe 
Jura — The moraines, erratics, 
polished surfaces, domes, perched 
blocks, and stria', above described, 
are observed m the great valley of 
Switzerland, fifty miles broad , and 
on the J ura, a chain which lies to the 
north of tins valley The average 
height of the Jura is about one 
third that of the Alps, and it is 
now entirely destitute of glaciers 
yet it also presents moraines, and 
polished and grooved surfaces 
The erratics, moreoier, which aie 
upon it even to a height of 2,600 
feet, present a phenomenon which 
has astonished and perplexed the 
geologist for nearly a century No 
conclusion can be moie incontest 
able than that these angular blocks 
of gneiss and otliei crystalline for 
mations came from the Alps, and 
that they have been brought for a 
distance of fifty miles and upwaids, 
across a wide and deep valley , so 
that they are now lodged on hills 
composed of sedimentary forma 
tions The great sue and angulanty 
which the blocks retained, aftei 
a journey of so many leagues, has 
justly excited wonder, for many of 
them are as large as cottages , 
and one in puiticulai, composed 
of gneiss, celebrated under the name 
of Pierre k Bot, rests on the side 
of a hill about 900 feet above the 
Lake of Neufcliatel, and is no less 
than 40 feet in diameter 

The manner m which these 
erratics were conveyed from the 
Alps to the Jura was formerly the 
I 


subject of considerable contro 
versy Venetz proved that the 
Alpine glaciers must formerly have 
extended far beyond their present 
limits, and it was argued that the 
blocks now found on the Jura had 
been transported by their agency 
Other writers, on the contrary, 
conjectured that the whole country 
had been submerged, and that the 
moraines and erratic blocks must 
ba\e been tianspoited by floating 
iiebergs, as it was held that the 
difference iii height between the 
two moiintam ranges was not suf 
hcient to h ive allowed the glaciers 
to flow fiom the Alps across the 
wide vallcv to the Jui i But the 
definite order m which the Alpine 
erratics aic arranged, and the total 
absence of niaruio shells, have 
gone far to disprove tins last hypo 
thesis Besides, we have no right 
to assume tliat the lelative heights 
of the Alps and Jura have remained 
unaltered since the ci i of the 
transportation of the erratics, still 
less that the change of level which 
last took place was uniform over a 
great district, either in amount 
01 direction 

Tbe Palaeolithic Period 
In Western Burope.— Of post 
glacial deposits with the remains of 
man we find mvny examples m 
Southern Luiope Rivei gravels 
and pe it deposits, like those al 
leady desciibed in France and 
Denmark, occur in Switzerland, 
Italy, and Southern Oermany 
Blanj of these seem to be only a 
little youngei than tlu ghcial for 
luitioiis while certain deposits con 
tdiniiig human lehcs are believed 
by some geologists to be intei 
glacial 01 even pre glacial in age 
On the other hand we have 
interesting remains in the Soutli 
of France of a race of men, which, 
though certainly pre historic, was 
younger than the race of which the 
relics are found in most of oin 
river gravels and caverns when thi 
mammoth abounded, though this 
animal, as we shall see, had not 
entirely disappeared from Southern 
Europe during the later of the 
Palaeolithic penods 

Newer Palaeolltbio Aje— 
Reindeer Period —There aie 
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some caves in the departments of 
Dordogne, Aude, nnd other parts of 
the South of France, the contents 
of which accumulated late m the 
Paleeolithic period They are said 
to belong to the ' reindeer period,’ 
because vast quantities of the bones 
and horns of that deer have been 
met with In some cases separate 
plates of molars of the mammoth, 
and several teeth of the great Irish 
deei, Cerviis Meqaceros, Hart , and 
of the cave lion,Fef«ssj)ef£efl,Goldf , 
an extinct variety of Fdis leo, L , 
have been found mixed up with cut 
and carl ed antlers of reindeer On 
one of these sculptured bones in the 
cave of Pengord, a rude representa 
tion of the mammoth, with its long 
cuned tusks and long hair and 
covering of wool, occuis , and this 
IS regarded by M Lartet as placing 
bejond all doubt the fact that the 
early inhabitants of those caves 
must have seen this ^ecies of ele 
phant still living in France The 
presence of the remains of the 
marmot, as well as reindeer and 
some other noithern animals, in 
these caverns seems to imply a 
colder climate than that of the 
Swiss lake dwellings in which no 
remains of leindeer have as yet 
been discovered The absence of 
this animal in the old lacustrine 
habitations of Switzerland is the 
more significant, because in a cave 
m the neighbourhood of the Lake 
of Geneva, n imply, that of Mont 
Saleve, bones of the reindeer occur 
with flint implements similar to 
those of the caverns of Dordogne 
and Pengord 

The state of the aits, as 
exemplified by the instruments 
found in these caverns of the rein 
deer period, is mych more advanced 
than that which characterises the 
tools of the Amiens drift, but is 
nevertheless more rude than that 
of the Swiss lake dwellings No 
metallic articles occur, and the 
stone hatchets are not ground after 
the fashion of celts , the needles of 
bone are shaped m a workmanlike 
style, having their eyes drilled with 
skill 

The formations above alluded 
to, which are as yet but imperfectly 
known, may be classed as belong 


mg to the close of the Palaeolithic 
era 

Tbe Lacustrine Hablta* 
tlone of Swltserland, ITeo- 
lltbic and Bronxe Periods — 

The pile dwellings of the Swiss 
lakes appear to belong to a some 
what later time even than the 
Newer Palaeolithic (reindeer period) 
of the South of France They have 
been known to geologists and ar 
chaeologists since 1864, in which 
year I)i F Keller explored near 
the shore at Meilen, in the bottom 
of the lake of /uiich, the ruins of 
an old village, originally built on 
numerous wooden piles, driven, at 
some unknown period, into the 
muddy bed of the lake Since 
then, in very many other localities, 
vestiges and more or less perfect 
foundations of similar pile dwellings 
have been found near the bor 
ders of tlic Swiss lakes, at points 
where the depth of water does not 
(xceed 15 feet The superficial 
mud m such cases is filled with 
various articles, many hundreds of 
them being often dredged up from 
a veiy limited area Thousands of 
piles, decayed at their upper ex 
(lemities, are often met with still 
liimly fixed in the mud 

As the ages of polished stone, 
bronze, and iron merely indicate 
successive stages of civilisation, 
they may all have coexisted at once 
in different parts of the globe, and 
ev( n in contiguous regions, among 
nations having little intercouiw 
with each other To make out, 
therefore, a distinct chrorological 
senes of monuments is only possible 
when our observations arc confined 
to a limited district, such as Switzer 
lind 

The relative antiquity of tlic 
pile dwellings, which belong respec 
tively to the ages of polished stone 
and bronze, is clearly illustrated 
by the association of the tools with 
certain gioups of animal remains 
Where the tools are of stone, the 
castaway bones which served for 
the food of the ancient people arc 
those of deer, the wild boar, and 
wild ox, which abounded when 
society was m the hunter state 
But the bones of the later or bronze 
epoch were chiefly those of the 
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domestic ox, goat, and pig, mdi 
eating progress in civilisation 
None of the great mammalia or 
the commonest animals of the 
antecedent period are found pre 
seived Some villagesof the polisned 
stone age are of later date than 
others, and exhibit signs of an 
improved state of the arts Among 
other relics, are discovered carbo 
nised grains of wheat and barley, 
and pieces of bread, proving that 
the cultivation of cereals had be 
gun In the same settlements 
also, cloth, made of woven flax and 
straw, has been detected 

The pottery of the bronze age 
in Switzerland is of a finer texture, 
and more elegant in form, than 
that of the age of stone At Nidau, 
on the Lake of Bienne, articles of 
iron have also been discovered, so 
that this settlement was evidently 
not abandoned till that metal had 
come into use 

At La Th^ne, m the northern 
angle of the Lake Neufchatel, a 


great many articles of iron have 
been obtained, which ui form and 
ornamentation are entirely different 
both from those of the bronze 

g jriod and from those used by the 
omans Coins, which sometimes 
occur in deposits of the age of 
iron, have never been found m the 
deposits of the ages of bronze or 
stone 

The manufacture of bronze was 
very general over Europe and Asia, 
and as tin, which enters into this 
metallic mixture in the proportion 
of about 10 per cent to the copper, 
was not a common metal, and was 
not found everywhere, commerce 
must hwe existed It is known 
that Cornwall was traded with late 
in the age Very few human bones 
of the bionze period have been 
met with in the Danish peat, or in 
the Swiss lake dwellings, and this 
scarcity is generally attributed bj 
archseologists to the custom of 
burning the dead, which prevailed 
in the age of bronze 


POST PLIOCENE DEPOSITS IN OTHER PARTS OP 
THE EASJERN HEMISPHERE 


India —We find in the Hima 
layas evidence that the glaciers of 
that mountain range, like those of 
the Alps, once extended to far 
lower levels than they do at present 
Great moraines with striated sui 
faces, perched blocks, and othei 
indications of the action of ice, 
can often be traced many thousands 
of feet below the points now 
reached by the existing glaciers 
xrew Zealand and Aus- 
tralia.— In these countries some 
what conflicting statements have 
been made by different observers as 
to the existence of the glacial period 
But even if undoubted evidence of 
glacial conditions were forthcoming, 
it would not be safe to infer that 
the glacial period was contempo 
raneous with that occurring in this 
country and North America Some 
writers, indeed, incline to the view 


that glacial peiiodsmust necessarily 
occur at different times m the 
Northern and Southern hemi 
spheres 

Australian cave-breoolas 

Ossiferous breccias are not con 
fined to Euiope, but occur in many 
other parts of the globe where 
there are limestone rocks , and 
those discovered m fissures and 
caverns in Australia correspond 
closely in character with those of 
Europe, but not m then organic 
remains 

Some of these caves in the Wei 
lington Valley, New South Wales, 
were examined by the late Sir T 
Mitchell, and the breccia contained 
a great accumulation of bones of 
animals, none of which have been 
found beyond the Australian pro 
Vince 


CAINOZOIC STRATA OF NORTH AMERICA 

Booone strata In the tions occupy a large area bordering 
Vnlted 8tates>—In Eastern the Atlantic, which increases m 
North America the Eocene forma breadth and importance as it is 
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traced southwards from Delaware 
and Maryland to Geoi^a and 
Alabama They also occnr in 
Louisiana and other States both 
east and west of the valley of the 
Mississippi At Claiborne, in 
Alabama, no less than 400 species 
of inanne shells, with many echi 
noderma and teeth of iish, charac 
tense one member of this system 
Among the shells, the Cardtta 
plamcosta, Lam , before mentioned 
(fig 228, p 20Q), IS in abundance, 
and this fossil and some others iden 
tical with European species, or very 
nearly allied to them, make it 
highly probable that the Claiborne 
beds agree in age with the Uppei 
Eocene or Bracklesham group of 
England, and with the Calcaire 
grossier of Pans 

Higher in the senes is a remark 
able calcareous rock mode up of 
Foraminifera, called Oibitoidal 
limestone 

Above the Orbitoidal limestone 
IS a white limestone, sometimes 
soft and argillaceous, but m parts 
>ery compact and calcareous It 
contains several peculiar corals, 
and a large Nautilus allied to N 
(Atuna) eiczac, Sow , also m its 
imper bed the gigantic Cetacean, 
Zeuqlodon (fig 19i, p 199) 

The colossal bones of this 
Cetacean are so plentiful in the 
mtenor of Clarke County, Alabama, 
as to be characteristic of tlu 
formation The vertebral column 
of one skeleton extended to the 
length of nearly seventy feet, and 
not far off part ot another back 
bone, nearly fifty fiet long, was 
dug up 

Zooene of the Weitern 
Terrltorle* —There is some 
difficulty in determining the base 
of the Eocene series in the Western 
Territories of the United States 
in consequence of the different 
conclusions that have been drawn 
from the study of the mammalian 
and plant remains But there is a 
limit drawn by the distinguished 
American poleeontologist, Professor 
Marsh, who writes ‘ The line, if 
line there be, separating the Cre 
taceous from the Tertiary must at 
present be where the Dinosaurs 
and oilier Mesozoic vertebrates dis 


appear and are replaced by the 
Mammals, henceforth the dominant 
type’ 

The freshwater Eocene deposits 
are between the Rocky Mountains 
and the Wahsatch range to the 
west, and are on the central plateau 
of the continent Tlie area was 
manne during the older Cretaceous 
period , elevation taking place sub 
sequently, the salt water deposits 
gave place to freshwater ones, which 
accumulated m lakes surrounded 
by a land teeming with life and 
luxuriant vegetation The lacus 
trine deposits are at least two miles 
in thickness, and form three groups 
with different faunas 

Tbe Xiower Bocene.— This 
lests untonformably on the Cre 
taceous, and has been called the 
Vermilion Crock or Wahsatch 
group It contains a well marked 
mammalian fauna, including Cnrif 
jihodotiy a Tapir like animal, with 
low cerebral chaiactcnstics The 
occurrence of other species of this 
genus m Europe at the same geo 
logical horizon is very remarkable 
A diminutive ancestoi of tlie horse, 
Eohtppns, of the size of a Fox, and 
an equally small Tapir, are charac 
teristie of the deposits, as is the 

f enus Ltmnohyw, and the earliest 
\g,Eohyitn Dryptodon belongs 
to the family Tillodontia, which 
combines the characters of several 
mammalian groups, such as the 
ungulates, carnivora, and rodentia 
The oldest bquirrel, Scinravui, and 
the earliest carnivora, Limnoajon 
and Prototonms, occur, and the 
genera Lemuravxis and Ltmjiothe 
iium, which were lemurme animals 
Tbe Middle Eocene. —The 
Green nvei and Bridger series are 
characterised by the presence of 
Dinoccrata, a family of gigantic 
Ungulates A number of species 
of Ihnoceras, Tinoceraa (fig 190, 
p 198), &c , lived during the 
Middle Eocene, and disappeared 
before the close of the period 
They nearly equalled the Elephants 
in bulk, and the skull had two or 
three pairs of horns and enormous 
canine tusks The brain was ex 
oeedmgly small Orohippus, a 
more advanced horse, a Tapir 
with boms, Colonocerua, a huge 
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Tapiroid, Palcsotyops, Eelohymy 
a Fig like animal with four t^fl , 
and Homocodon, a crescent toothed 
ruminant, with Ttllothenum, oc 
cur Small rodents of extinct 
genera and Insectivora were nume 
rous Carnivora increased m num 
her, and Limnofelta was as large 
as a Lion, Orocyon had massive 
jaws and short teeth , and Dromo 
cyon was also a large animal The 
Lemuroid genera persisted, and 
Limnothenum had affinities with 
the Marmosets The oldest Rhino 
ceros of America was Orthocynodon 
of these beds 

The Upper liocene —The 
Uinta group is characterised by 
a large Mammal, the Diplacodon, 
and an odd toed Ungulate, Oro 
hippus, still lived on, and became 
extinct during this age One of 
the Rhinocerotidae was Amynodon 
The crescent toothed Ungulates 
are small, and Eomeryx is allied 
to Hyopotamus of Europe, and 
Oiotneryx has affinities with the 
Deer, which appeared subsequently 
This wonderful Eocene fauna con 
tains no species of Anoplothenum 
or PalcBothenurn, European Eo 
cene forms, or of any Proboscidean, 
Edentate, or Hollow horned Rumi 
nant But the Rhinoceros, Horse, 
Pig, Deer, and Tapir were clearly 
foreshadowed It appears that as 
the Carnivora increased in numbers, 
the huge horned animals gradually 
dis^peared 

The Lower Eocene contained 
Crocodiha, Wading birds, and 
Umtorms, a Wood pecker Large 
serpents occurred during the 
Eocene, and were related to the 
Boa constrictor, L Lizards were 
numerous, and the modern Gar 
pike and a Dog fish were represented 
by closely allied species 

Tbe Ollgrocene and Mlo 
oene of the Western Terri 
torles of the United States.— 
The Miocene deposits are those of 
ancient lake basins on the flanks 
of the high central plateau of 
North America The fauna is 
divisible into three groups, and it 
IS probable, as shown by Professor 
Scott, that the lowest conesponds 
with the European Ohgocene 
This lowest group is only found on 


the east of the Rocky Mountains, 
and IS characterised by the peculiar 
mammals termed Brontothendae 
These were penssodactyles with 
affinities with the Tapirs Bronto 
thenum was as large as an elephant 
The limbs were short, the tail was 
long, and the nose probably flexible 
A pair of horn cores existed upon 
the maxillary bones in front of the 
orbits, and the brain cavity was 
small Mesohtppus, as large as a 
sheep, IS a representative of the 
horse, and is a transitional form be 
tween the Eocene Eohippus and the 
late Pliocene Equus, the interme 
diate forms being Miohippus of the 
Upper Miocene, and Protohippus of 
the Pliocene (fig 162, p 178) Dice 
rothenum, allied to Rhinoceros, 
also existed at this period Per 
charus and Elotherium were the 
great pigs of the day, and some 
equalled Rhinoceros m dimen- 
sions Hyopotamus was a crescent 
toothed, even toed creature Poe 
brotherium, allied to the Camel, 
Leptomeryx to the Deer, occur , but 
the hollow horned ruminants had 
not yet appeared, nor had the Pro 
boscideans Hycenodon was a car 
nivore, and Insectivora lived m 
those days 

The Lower Miocene, on both 
sides of the Rocky Mountains, is 
characterised by ruminating pigs of 
the genera Oreodon and Eporeodon, 
w hich were larger than the Peccary 
The Lepondce, or hare family, 
lived in considerable numbers , and 
other Bodentia of the Squirrel, 
Mouse, and Beaver families, were 
represented by genera now extinct 
Machairodus occurs, and Laopt 
thecus, one of the Monkey tnbe, 
with South American affinities 
The Uppei Miocene, which occurs 
m Oregon, is of great thickness, 
and the characteristic genus is 
Miohippus, already noticed Hyra 
codon, Dicerothenum, and Acero 
wereRhmocerotideaof the 
period, and Chalicothenum was a 
genus which is also found fossil in 
Europe and in the Himalayan area 
Besides these forhis, there were 
Moropus, a large Edentate, Ttno 
hyua, an ally of the Peccary, and 
Allomys, related to the flying 
Squirrels 
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sreocene of tbe Vnlted 

States —Between the Alleghany 
Mountains, formed of older rocks, 
and the Atlantic, there intervenes 
a low region occupied principally 
by beds of marl, clay, and sand, 
consisting of the Cretaceous and 
Tertiary formations, and chiefly of 
the latter It consists, in the south, 
as in Georgia, Alabama, and South 
Carolina, almost excluswelv of 
Eocene deposits, but m North 
Carolina, Maryland, Virginia, and 
Delaware more modern strata pre 
dominate, of the age of the English 
crag and the faluns of Touraine 
In the Virginian sands we find 
m great abundance a species of 
Astarte {A undulata, Conrad), 
which resembles closely one of the 
commonest fossils of the Suffolk 
Crag {A Omahi, Laj ) , the other 


Fig 202 



Aitranqia Itneata Lonsdale Syii 
Canangta Williamsburg, \ irginia 


shells also, of the genera Nattcn, 
Fmurella, Artenus, Luctna, 
Chama, Pertunculns, and Pecten, 
are analogous to shells both of 
the English Ciag and French 
faluns, although the species are 
almost all distinct Out of 147 of 
these American fossils only thir 
teen species are common to Europe, 
and these occur partly m the 
Suffolk Crag, and partly in the 
faluns of Touraine, but it is an 
important characteristic of the 
American group, that it not only 
contains many peculiar extinct 
forms, such as I^isus quadncos 
iatut, Say (see 3^ 157, p 176), and 
Ventu tndacnoidea, liam , abun 
dant m these same formations, but 
also some diells, which, like Fulgur 
Canca, Say, and F canaltculatut, 


L sp (see fig 156, p 176), Calyp 
treea costata, Conrad, Venus 
mercenarm, Lam , Modtola glan 
dula, Totten, and Pecten ma 
gellamcus, Lam , are recent species, 
yet of forms now confined to the 
Western side of the Atlantic— a fact 
implying that some traces of the 
beginning of the present geo 
graphical distribution of mollusca 
date back to a period as remote as 
that of the Miocene Strata 

In the Carolina States there are 
from 40 to 60 per cent of still living 
species amongst the testocea Mr 
Lonsdale examined the corals and 
found one agreeing generically 
with a littoral American form (fig 
262) 

Among the remains of fish in 
these strata are several large teetli 
of the shark famih, not dis 
tinguishabie 8pecifiral!> from fos 
hils of the faluns of Touraine 

Pliocene of the Western 
Territories of the Vnlted 
States —Marsh states that east of 
the Rocky Mountains and on the 
Pacific coast, the Plioidie deposits 
rest unconformably on the Mioctiit , 
and that there is a well marked 
faunal change, modern types of 
vertebrata making tlieir ap 
carance He considers that the 
iviBion beU een Miocene and Plio 
cene in Europe is at a higher geo 
logical liorizon than in America 
A true species of Equus, not found 
in the Miocene, characterises the 
Pliocene of America No Mar 
supials are found m the Pliocene 
deposits , but large Edentata occur 
ni the Lower Pliocene, the genera 
being Morothenum, and possibly 
Moropus The migration of Eden 
lata was probably from north to 
south, and the Post Pliocene Eden 
tata of North America are of the 
same genera as those of South 
Amencei—Meqathentmt, Mylodon, 
and Megalonyx Amongst the 
Equine group, Protohtppus, with 
three toes to each foot, was as large 
as an ass, and Plwhtppus is witn 
out the extra toe, and is a true 
horse Equus is present, but 
became extinct, for no horses were 
found by the first colonists of 
America from Europe Jkcera 
thenutn and other large Rhi 
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nocendee occur, and all became ex 
tinct before the Post Pliocene The 
genus Taptrus is found m the 
Post Tertiary deposits, and pro 
bably existed during the Pliocene 

All the members of the pig tribe 
in the Pliocene are closely related 
to the Peccanes, and no true pig 
or Hippopotamus has been found 
The ruminating hogs existed, and 
there were the genera Merycho 
charm and Merychyus, but they 
became extinct at the close of the 
period Deer and bison occur, but 
no sheep or goats 

Mastodon appears m the Lower 
Pliocene, and lived on into the 
Pleistocene, and Elephas came in 
with the Newer Pliocene Among 
the Carnivora the genera Cams, 
Machairodus, Leptarctus, and 
Ursus are repiesented No re 
mams of Primates have been found, 
however 

In the Upper Missouri region 
there are freshwater beds— the 
Loup River group of Meek and 
Hayden or Niobara of Marsh, con 
taming many vertebrate remains of 
the genera Mastodon, Elephas, 
Rhinoceros, Felis, Procamelus, 
Homocamelus, Frotohippus, and 
Equus 

The Californian auriferous 
gravels of the Sierra Nevada, 
tapped by basalt, are probably of 
this age 

Poit-Pllooene Torma 
tlona In North America —In 

the western hemisphere, both m 
Canada and as far south as the 
40th and even the 38th parallel of 
latitude in the United States, we 
meet with a repetition of all the 
pecuhanties which distinguish the 
European Boulder clay foimation 
Fragments of rock have travelled 
for great distances, especially from 
north to south , the surface of the 
subjacent rock is smoothed, 
striated, and grooved , unstratified 
mud or till containing boulders is 
associated with strata of loam, 
sand, and clay, usually devoid of 
fossils Where shells are present, 
they are of species still living in 
northern seas, and not a few of 
them are identical with those 
belonging to European drift, in 
cludmg most of those already 


figured, pp 148-'9 The fauna also 
of the glacial epoch in North Amo 
nca IS less nch in species than 
that now inhabiting the adjacent 
sea, whether m the Gulf of St 
Laivrence, or off the shores of 
Maine, or in the Bay of Massa 
chusetts 

The extension, on the American 
continent, of the range of erratics 
during the Post Pliocene period, to 
lower latitudes than in Europe, 
agrees well with the present south 
ward deflection of the isothermal 
lines, or rather the lines of equal 
winter temperature It seems wat 
formerly, as now, a more extreme 
climate and a more abundant 
supply of ice prevailed on the 
western side of the Atlantic 
Another resemblance betiveen the 
distribution of the drift fossils m 
Europe and North America has yet 
to be pointed out In Canada and 
the United States, as in Europe, 
the marine shells are generally 
confined to very moderate eleva 
tions above the sea (between 100 
and 700 feet), while the erratic 
blocks and the grooved and polished 
surfaces of rock extend to elevations 
of several thousand feet 

The rocks which underlie the 
glacial deposits of North America 
are loeworn, and stria* are found 
on them at great elevations The 
Catskills, which rise from the 
plain of the Hudson, are found 
giooved and striated up to near 
their summits, or to about 3,000 feet 
The White Mountains are ice worn 
up to 5,800 feet 

Tbe Champlain lerlet of 

glacial deposits are unstratified and 
stratified drifts, and were formed 
after the boulder clay Their lower 
portion 18 marine, reaches up the 
valleys from the coast, and contains 
Leda truncata, Brown, Saxicava 
rugosa, Lam, and Telltna green 
landtca. Beck , with bones of seals 
and whales Most of the shells, of 
which one hundred species are 
known, are Arctic or boreal, and 
one half are common to the British 
glacial beds 

Terraces of marine origin occur 
on the coast and far inland, from 
150 to 500 feet Inland, the 
terraces often show four or five 
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platforms, as m the Conneoticut 
Valley 

It has been already mentioned 
that m Europe several quadrupeds 
of living, as well as of extinct, spe 
cies were common to pre glacial and 
post glacial times In like manner 
there is reason to suppose, that in 
North America much of the ancient 
mammalian fauna, together with 
nearly all the invertebrata, lived 
through the ages of intense cold 
Th&iMMtodongigantPVSsCm .was 
very abundant in the United States 
after the drift period, is evident from 
the fact that entire skeletons of 
this animal are met with m bogs 
and lacustrine deposits occupying 
hollows in the glacial diift They 
sometimes occur in the bottom even 
of small ponds recently drained by 
the agriculturist for the sake of the 
shell marl In 1845 no less than 
BIX skeletons of the same species of 
Mastodon were found in Warren 
County, New Jersey, six feet below 
the surface 

It would be rash, however, to 
mfer from such data that these 


c^uadrupeds were mired m modem 
times, unless we use that term 
strictly in a geological sense It 
has been shown that there is a 
fluviatile deposit in the valley of 
the Niagara, containing shells of 
the genera Melania, Limnaa, 
Planorbis, Valvata, Cyclop, Umo, 
Helix, &c , all of recent species 
From this deposit the bones of the 
great Mastodon have been taken 
m a very perfect state Yet the 
whole excavation of the ravine, for 
many miles below the Falls, h as been 
slowly effected since that fluviatile 
deposit was thrown down Other 
extinct animals accompany the 
Mastodon giganteus, Cuv , in tlie 
post glacial deposits of the United 
States, and this, taken with the 
fact that so few of the mollusca, 
oven of tlie commencement of the 
cold period, differ from species now 
li\ mg, IS important, as refuting the 
hypothesis, for which some have 
contended, that the intensity of the 
glacial cold annihilated all the 
species in temperate and Arctic 
latitudes 


European geologists and palieontologists have given a great 
number of names to the minor subdivisions of the Camozoic Era , 
among the principal of which are the following — 

Among Pleistocene deposits the following divisions are recog 
nised — 

Iron and Bronze Ages 

Neolithic, or period of polished stone implements 
Newer Palceolithi'i, including the Chellean, Reindeer Period, and 
Mousienan of Mortillet 

Older Palceoh^hic, including the Solutrean oi Mammoth Peiiod, and 
Magdaknean of Mortillet 

In the Newer fertiaries we have, in descending oidei, the fol 
lowing — 

Sicilian, including the younger Pliocenes of Sicily and the Val d’Arno, 
and our Forest bed series 

Astian, including the Subapennines of Tuscany, and our Norwich and 
Red Crags and the Scaldisian of Belgium 
Plaisancian, i ncluding the Lower Subapennines of Tuscany, the 
White Crag of England, and the Diestien or Black Crag of 
Antwerp 

Pontian (or Congenan beds), including the lowest Subapennines of 
Sicily and Tuscany, and the highest Neogene of Eastern Europe 
Sarmatian, including Marls and Centhium beds of Austria and 
Italy 
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Messtnian (or Zanclean) of Southern Italy and Sicily, both marine 
and brackish water in ongin, with 83 per cent of recent mollusca 
Tortonum{ot Newer Mediterranean?), including the Leitha lime 
stones and associated beds of the Vienna basin, and the Oemngen 
strata of Switzerland, the equivalents of the Anversian and Bol 
derian of Belgium 

Helvetian (or Lower Mediterranean?), including the Faluns of 
Touraine, the Marine Molasse of Switzerland, the Superga beds of 
North Italy, and the Older Neogene of the Vienna basin 
Burdigalmn, including the lower Freshwater Molasse of Switzerland 

Among the Older Tertiary divisions we have the following — 

Aquitanian, including the Beauce limestone of the Pans basin and 
the Upper Oligocene 

Tongrian (with the Rupellian), including the Middle Oligocene and 
oui Hempstead and Bembndge beds 
Lvdian (or Priabonian), including the marls of Ludes and the sands 
of Argenteuil, and our Brockenhurst and Headon beds 
Bartonian, including the Barton clay, the Sables de Beauchamp, and 
the Wemmelian of Belgium 

Parisian (or Lutetian), including the Calcaiie grossier and the 
Bracklesham and Bournemouth beds, with the Belgian strata known 
as Laekanian, Bruxellian, and Paniselian 
Londonian (or Ypresian), including the London clay and the sands 
of Alum Bay, with the equivalent strata of Belgium 
Sparmacien, including the Argile plastique and the Upper Landenian 
of Belgium, and our Woolwich and Reading series 
Thanetian, including the Thanet sands and the Lower Landenian of 
Belgium 

Montian, including the limestone of Mons, the marls of Meudon, and 
the marls of Gelinden 

In Professor Prestwich’a ^mpers the admirable ‘ Text book of Com 
on the various Tertiary Deposits of parative Geology ’ of Kayser and 
Britain, already cited, the student Lake, very full information concern 
will find their equivalents on the mg the French Tertiaries will be 
Continent very fully discussed found m the memoirs of Hubert, 
The Geologists’ Association has Gaudry, and other French authors, 
published an admuable account of on the Belgian Tertiaries by Mour 
the strata of the Pans Basin by Ion, on those of Eastern Europe m 
Messrs Harris and Burrows Be the txeatise of Von Hauer, and on 
sides the accounts of the Foreign those of Noith America m Dana’s 
Tertiary deposits given m the Geology, and the ‘Coirelation 
general geological treatises by Pro Papers of the U S Geol Surv ’ 
fessor Prestwich, Sir A Geikie, Eocene’ by W B Clark, and 
Professor de Lapparent, Professor ‘ Neocene ’ by W H Dali and G 
Credner, and Professor Gumbel, and D Harris) 



248 


THE MESOZOIC {SECONDARY) ERA 


CHAPTER XVI 

THh CRl-TACEOUS SYSTEM 

Lapse of time between Focene and Cietaceous Ptiiods — Clasbiheation of 
Cretaceous strata— Foraminifera, Sponges, Corals, Bryozoa and Mol 
luscaof the Cretaceous Penod— Terrestrial Floras of the Cretaceous- 
Reptiles, Birds, and Mammals of the Cretaceous— Chalk and Flint- 
Zones of the Chalk with their fossils— Chalk Marl-Upper Greensand 
— Gault— Upper Neooomian—Athei field Clay— Middle Neocomian— 
Tealby Series — Lower Neocoraian — Speeton Clay— Spilsby Sands — 
The Wealdtii Clay and Hastings Sands— Punfield beds 

KTomenolature and classification of tbe Cretaceons 
strata.— The uppermost of the Mesozoic systems is called the 
Cretaceous, from creta, the Latin name for that remarkable 
white, earthy limestone which constitutes an upper member of 
the group in those parts of Europe where it was first studied 
The marked difference between the fossils of the Older Tertiary 
and the Cretaceous systems has led geologists to conclude that 
a vast lapse of time must have occurred between the completion 
of the chalk and the deposition of the first strata of the Eocene m 
Europe Measured, indeed, by such a standard — that is to sa>, 
by the amount of change m the fauna and flora of the earth effected 
in the mterval— the time between the Cretaceous and Eocene 
may have been as great as that between the Eocene and the 
present day Several deposits, however, have been met with 
during the course of the last half century, of an age intermediate 
between the white chalk and the plastic clays and sands of the 
Pans and London districts — monuments which have the same 
kind of interest to a geologist that certain mediaeval records 
excite when we study the history of nations For both of them 
throw light on ages of darkness, preceded and followed by 
others of which the annals are comparatively well known to us 
But these newly discovered records do not fill up the wide gap, 
some of them being closely allied to the Eocene, and others to 
the Cretaceous type, while none appear, as yet, to possess a 
marine fauna which may entitle them to hold a perfectly tran 
sitional place m the great chronological series. 
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Among the formations alluded to, the Thanet Sand of Prest 
wich, which has been sufficiently described in a former chapter, 
and the Belgian formation, known as the Calcaire grossier de 
Mons, appears to be on a very low horizon of the Tertiary 
On the other hand, the Maestricht and Faxoe limestones, to be 
hereafter described, are very closely connected with the Chalk, 
to which also the Pisolitic limestone of France is referable 
The Cretaceous group has generally been divided into an 
Upper and a Lower series, the Upper called familiarly the chalky 
and the Lower the greensands But these mineral characters 
often fail, even when we attempt to follow out the same conti 
nuous subdivisions, throughout a small portion of the North of 
Europe, and are valueless when we desire to apply them to more 
distant regions It is only by aid of the organic remains which 
characterise the successive marine subdivisions of the formation 
in England and Fi ance that we are able to recognise in remote 
countries, such as the South of Europe, North America and 
India, the formations which were there, more or less contem 
poraneously in progress In the annexed table it will be seen 
that we have used the term Neoeomian for the strata commonly 
called ‘ Lower Greensand , ’ this latter term being peculiarly 
objectionable because the gieen grains are an exception to the 
rule m many of the members of this group, even m districts 
where it was first studied and named M Alcide d’Orbigny 
proposed terms for the French subdivisions of the Upper 
Cretaceous series, and these are now so generally used by 
foreign writers that the student should endeavour to remember 
their relation to the English equivalents so far as it is possible 
to make them agree 

The following table shows the general succession of the Cre 
taceous strata 

Maestricht Beds 

Limestones of Faxoe (Denmark) and 
Scania 

Pisohtic Limestones of France 
Upper White Chalk, Chalk with flints, 
South of England (with Chalk rock 
at its base) 

Middle portion of Chalk (Chalk without 
flints m South of England), with 
Melboum rock at its base 
Lower Grey Chalk, with Totternhoe 
stone at its base 

Chalk Marl, Cambridge Greensand, m 
eluding the Upper Greensand 

Albian Gault 

« 


O 

w 

Q 

o 

? 

Ah 

Ah 

P 


Daman 
(absent in 
England) 

Senoman 


Turoman 


f 


Cenomanian J 
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Upper Neo 
comian 
(Aptian) 
Middle 
Neocomian 
(Urgoman) 
Lower 
Neocomian 
(Neocomian 
proper) 


( ‘Lower Greensand’ of the South of 
England with upper part of the 
Speeton Clay of Yorkshire 

( Middle Speeton Clay and Tealby series 
of Lincolnshire 

( Lower Speeton Clay and Spilsby sands of 
Lincolnshire 


The Middle and Lower Neocomian are represented in the 
South west of England by the freshwater strata known as the 
Wealden 

Cbaraoterlstlos of tbe Cretaceous fttnna and florai — 

With the exception of a few of the minute and lowly organised 
Forammifera, and peihaps one or two forms among the brachio 
poda, it 18 doubtftil whether a single species found in the Cre 
taceous rocks can be identihed as having lived on into the 
Tertiary Thus the break between the Mesozoic and the 
Cainozoic periods is in Western Europe almost complete 

Among the Foiaimmfera of the Chalk there are, besides 
actually living species, a great number of forms closely related 
to the Globigermae and other species which go to make up the 
deep-sea oozes of the existing oceans With these we find great 
numbers of siliceous sponges like those of the deep sea, but belong 
mg to extmct genera, Fewfncttfife# (fig 267,p 25&),Coeloptychtumt 
&c In the Lower Cretaceous there occur in addition many 
forms of the large extinct Calcareous sponges (Pharetrones) 

Of corals comparatively few interesting forms occur in the 
Chalk of Western Europe In the Alpine Cretaceous (Gosau 
beds, &c ) such forms are, however, very abundant 

Echinoderms are represented by some sea urchins of the 
regular form {Cidaru, Salenia^ &c ) and many characteristic forms 
of the Irregulares, such as Micraeter (hg 269), Holaster, Echino 
conus (fig 270), Discoidea and Echvnocorys (fig 268) Among 
the Crinoids the smgular stalkless form Marsupites (fig 271) 
occurs, and is the last survivor of a very ancient type, while both 
ordinary and brittle starfish are occasionally found 

The Bryozoa, which are so abundant m the highest members 
of the Cretaceous, not found m this country, are not unfrequently 
found attached to various Chalk fossils The Brachiopoda are 
much more abundant in proportion to the Lamelhbranchiata 
than m the case of any Tertiary deposit Various forms of 
Bbynohonellidse and Terebratulidse abound, and some forms, 
like Lyra or Terebnroatra (fig 298), Tngonosemus^ &c , are 
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peculiar to this system Among the hmgeless forms of Bracbio 
poda the genus Crania (fig 277) is particularly well represented 

Among the Lamellibranchiata the various forms of Ostrea 
known as Exogyra (figs 280, 296) abound, as do also the 
varieties of the Pecten type called Jamra or Neithea (fig 299) 
and also Inoceramus (fig 281) and Spondylus (fig 279) The 
very abnormal bivalve shells known as Hippuntes, belonging 
to the group Budwtea and most nearly allied to the Charm of 
the present day, abound m the Alpine Cretaceous, but are also 
found m small numbers in our Chalk and Neocomian strata 
(figs 282-285) 

Most of the Gastropoda, so abundant in the Tertiary deposits, 
are comparatively rare or altogether absent from the Cretaceous 
rocks ot England But in beds of more littoral origin like those 
of North Germany and Denmark, Cretaceous Gastropoda are 
by no means rare 

203 



a Preorbltal vicmity , b orbit c supraorbital crest d angle of mandible , 
q quadrate bone , s symphysis 
Prom a figure by Professor 0 C Maish 

It IS m the forms of the Cephalopoda present in the Cre 
taceous strata that we find the most striking distinction of the 
marine fauna oi the peiiod Species of the persistent type 
Nautilus (fig d02, p 266) are not rare, but are altogether thrown 
into the shade by the abundant species of Ammonites These 
belong to the genera Hophtes (fig 809, p 208) Acanthoceras 
(fig 293, p 262), Schloenbachia^ Deamoceraa, &c , and also to 
the abnormally coiled or uncoiled types Ancyloceraa (figs 301, 
p 264, and 808, p 266), Hamitea, Scaphitea (fig 295, p 262), 
Tumliteai^^ 294, p 262), J5acttZi<6s,&c Ordinary BeZemnttss, 
with other forms known as Duvallia, Belemmtella^ and Actino 
camaxy are also present m great numbers 

Crustaceans of both long tailed and short tailed types are by 
no means rare in the Cretaceous rocks 

The fish of the Cretaceous period include many forms of the 
ordmary bony fishes (Teleostei), some of wbch, hke Beryx^ are 
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closely allied to existing forms The palatal teeth of forms of 
Selachians like Ptychodm (fig 289, p 260) are also very common 



Hetperornit regalii. Marsh Skeleton restored by Professor 0 C Marsh (About 
^ nat size ) From the Cretaceous of Kansas, N America 


Among the aquatic Reptiles the existing Chelonians and 
Crocodiles are represented, but we also hnd the gigantic 
snake like Fythonomorpha {Motamurus), and survivors of 
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the remarkable Ichthyosauna and Plesioaauria which are so 
abundant in the Jurassic rocks 


Fig 265 



The terrestrial fauna and flora of the Cretaceous penod are 
much less perfectly known than the manne fauna The plants 
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of the Upper Cietaceous appear to be very different, however, 
from those of the Lower Cretaceous Among the former we 
find manj of the types of flowering plants so abundant in the 
Tertiary flora , while the latter, like the Jurassic flora, consist 
mainly of Conifers, Cycads, and Ferns Land Reptiles are re 
presented by many genera of Dinosaurs, Iguanodon (fig 316, p 
271), some being of herbivorous and others of carnnorous habit 
Pterosaurs, or flying Reptiles, abounded, most of them having 
toothed jaws, and one form had a spread of wings of over sixteen 
feet , but with these we ha\e also examples of a form with horny 
beaks, and a spread of wings of ten feet, m the remarkable 
Pteranodon of Kansas (fig 268, p 251) 

True Birds of Cretaceous age are known in the IcMkyojnis 
(fig 265) and Hesperotma (fig 264) of Marsh These birds 
differ from all existing forms by having teeth implanted in their 
jaws, and possessing biconcave vertebrae In the structure of 
their wings and tails, however, they agree much more closely 
with living birds than does the Arch<^opteryx of the Jurassic 
Of mammals only small and fragmentary remains have been 
found in Britain and North America Tliey appear to have 
belonged to the same primitive type (Allotheria) as the Jurassic 
mammals 

British Repeesentativfs of the Cretaceous System 

The Cbalk —The highest beds of Chalk in England and Fiance 
consist of a pure white calcareous mass, usually too soft foi a 
building stone, but sometimes passing into a moie solid state It 
consists, almost entirely, of calcium carbonate (05-98 per cent ) The 
stratification is often obscure, except wheie lendered distinct by in 
terstratified layers of flint, a few inches thick, occasionally m con 
tinuous beds, but oftener in nodules, and recurring at intervals 
generally fiom two to four feet distant from each other This Upper 
Chalk is usually succeeded, in the descending order, by a great mass 
of Lower or Grey Chalk, without flints, below which comes the Chalk 
Marl, m which there is a slight admixture of argillaceous matter 
The united thickness of the three divisions in the South of England 
exceeds, in some places, 1,000 feet 

The area over which the Chalk preserves a nearly homogeneous 
aspect, 18 so vast, that the earlier geologists despaired of discovering 
any analogous deposits of recent date Pure chalk, of nearly uniform 
aspect and composition, is met with in a north west and sooth east 
direction, from the North of Ireland to Southern Russia and the 
Crimea, a distance of about 1,140 geographical miles , and in an 
opposite direction it extends from the south of Sweden to the south 
of Bordeaux, a distance of about 840 geographical miles In Southern 
Russia, at Kharkov, it is over 1,800 feet thick, and retains the same 
mineral character as in France and England, with the samQ fossils, 
including Inoceramm Cuv%en, Sow , Belmnttellamucromta, Schlot , 
and OiPrea vesiculam, Lam (fig 280, p 258) 
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Ordinary white chalk consists of broken and entire Forammifera, 
with fragments of Inoceramus and other molluscan shells, and the 
minute Coccoliths and Rhabdoliths already described as occurring in 
Globigenna ooze (See figs 22-28, p 50 ) 

Sometimes chalk can be found which, when carefully washed 
with water, yields, under the microscope, besides the worn down 
matenal, minute oval or circular outlined Coccoliths , and often excel 
lent specimens of Olobigerina 5uZfotcfes,D’Orb , and other Poramimfera 
may be obtained By soaking chalk in Canada balsam and then 
cutting sections when it has become dry, the Forammifera and other 
shells become more frequently visible than might be expected 
The commonest genera of the Forammifera in the Chalk are Olobi 
genna, Rotalta, Textularm, Nodosarta, and Cnstellana 


The origin of the flints, which 
form such a conspicuous feature of 
the Upper White Chalk of England, 
has given rise to much speculation 
There are several facts to be con 
sidered before an explanation should 
be attempted Silica in the foim 
of nodules of flint or chalcedony is 
not restricted to the chalk, but may 
be found m nearly every great se 
nes of sedimentary rocks from tin 
latest Tertiary to the Cambrian 
The chalk flints, when in nodular 
masses, form very definite linen, 
which are not always those of origi 
nal deposition Whoi tabular in 
loim, the flints are often found in 
joints and fissures which cross the 
lines of bedding at different angles 
and reach up to the surface Some 
flints (not the tabular masses as i 
rule) contain relics of organisms, 
such as Corals, Mollusca, Lchinodei 
mata, Ac , while some sponges entei 
largely into their composition The 
oiiginal siliceous organisms may 
remain and be sunounded by dial 
cedony, or the calcareous shell of 
a mollusc or cast of an echmoderm 
may be found in the flint aifd sur 
rounded by a mass of it Some 
times not a trace of an organism is 
to be found m the flint In the beds 
between the layers of flints, siliceous 
replacements of the calcium carbo 
nate of mollusca and echinodermata 
are common In some chalks, that 
of Yorkshire for instance, there 
has been much replacement of 
caJoium carbonate by silica, a cherty 
character being produced Micro 
scopic study of flints shows that 
they are formed from ordinary chalk 
by the replacement of the calcium 
carbonate by sdica The extent to 


which the colloid silica (opal) has 
been converted into chalcedony 
01 cryptocrystalline silica, vanes 
greatly in different cases 

The flints and other siliceous 
bodies are the result of the action 
of silica in solut on upon the cal 
careous rock, during and after its 
formation , flints aie pseudomorphs, 
or replacements of calcium carbo 
nate by silica The source of the 
silica may be explained by the pre 
senoe of Radiolaria, Diatomacese, 
and sponges with siliceous skeletons 
in the deposits The tabular flints 
have been formed along planes wheie 
solutions of silica have percolated, 
and the same may sometimes be 
the case with the nodular flints 
There are, as we have already 
seen, Radiolaria, Diatomacese, and 
siliceous Spongida forming de 
posits on the floor of the existing 
ocean 

Potstones Slliceout 
sponges of the chalk —A 

more difficult problem is presented 
by the occurrence of certain huge 
flints, or potstones as they are 
called in Noifolk, occurring singly, 
or arranged m nearly continuous 
columns at right angles to the ordi 
nary and horizontal layers of small 
flints The accompanying drawing 
of a chalk pit at Horstead, Norfolk, 
mil illustrate the mode of occurrence 
of these potstones The potstones, 
many of them pear shaped, are 
usually about three feet in height 
and one foot in their transverse 
diameter, placed in vertical rows, 
like pillars, at irregular distances 
from each other, but usually from 
twenty to thirty feet apart, though 
sometimes nearer together, as m 
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the sketch (fig 266) These rows 
did not terminate downwards in 
any instance which is seen, nor 
upwards, except at the point where 
they were cut off abruptly by the 


tree, by which means stones are 
earned to some of the small coral 
islands of the Pacific But the dig 
covery in 1867 of a group of stones 
in the Chalk at Purley, near Croy 


2G6 



Irom a drawing by Mrs Guuii 

View of a chalk pit at Horstea^l, near Norwich, ghoivmg the position of the 
potstones (Paramoudra,) 


overlying bed of gravel At the 
distance of half a mile, the verti 
cal piles of potstones are much 
farther apart from each other Dr 
Buckland has described very simi 
lar phenomena as charicterising 
the Chalk on the north coast of 
Antrim in Ireland It has been 
supposed that these ‘Paiamoudra 
represent gigantic sponges of the 
Cretaceous period Whether this 
be really the cast or not, it is cer 
tain that the Hexactmellid and 
Lithistid sponges of the deep sea 
greatly resemble those of the chalk, 
and present the peculiar structure 
which IS found in the Ventriculites 
(fig 269) 

Boulders and g-roups of 
pebbles in chalk.— The occur 
rence here and there in the white 
chalk of the South of England of 
isolated pebbles of quartz and 
green schist has justly excited 
much wonder It was at first sup 



don, the laigest of which was of 
granite, and weighed about forty 
pounds, accompanied bj pebbles 
Fig 267 



Ventnculitei radiatui, Mant A 
siliceous and hexoctinellid sponge 
White Chalk 
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and fine sand like that of a beach, ( quator in the boutliern hemisphere, 
has been shown by Mr Gkidwin- we can the more easily believe that, 

Austen to be inexplicable except by even during the Cretaceous epoch, 

the agency of floating ice If we assuming that the climate was 

consider that icebergs now reach milder, fragments of coast ice may 

i0° north latitude m the Atlantic, have floated occasionally as far as 
and several degrees nearer the the south of England 

roialla oftbe several divleione of the Chalk —Among the 
fossils of the Chalk, echmoderms are very numerous , and some of 
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/ cM/wrom lulffam lireyn {{nanfhtjh oiaM, Itske) ^ Clulk upper and 
lower 

n Side view b of the shell on which both the oral and anal apertures are 
plarcvl , the anal being at the ^milltr end 


Fig 269 hg 270 Fi(, 271 



eor-nngmnum LtAinoeonm conirus Brevii Mnisupttei Villen 
T pskc, I Ijpper White Chalk (Onlertfei nlboijnhi ui Lam ), Miviit ^ Upper 
t Upper White ( halk White ( halk 


Fig 272 Fig 273 Fu 27 1 Fig 27 o 



Terebrat id tm striata Rhynchonella octo- Magas pumda, Tembratuhicarnea 

Wahlenb , i pheata. Sow i (Var Sow nat size Sow I 

Upper White Chalk of R plieattlis ‘?ow ) Upper White Upper White Chalk 
Upper White Chalk Chalk of Norwlcli 

the genera, like Echinocorys {Amnehytes, see fig 268), are exclusively 
Cretaceous Among the Crmoidea, the Marmpites (fig 271) is a 
charactenstic genus Among the mollusca, the Cephalopoda are 




04rea vfiimlam Lam J 
Uppt-r Chalk and Upper Ortensand 


htoteiamui Laimrciu Pirk ^ 
White Chalk 


Among the bivalve mollusca, no form marks the Cretaceous era 
in Europe, Amenca, and India in a more striking manner than the 
extmet genus Inoceramus (hg 281), the shells of which are dis 
tinguished by a fibrous texture, and are often met with in fragments 
ha ang probably been extremely friable 
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The singular ordpi called Riidistes by Lamarck, hereafter to be 
mentioned as extremely characteristic of the chalk of Southern 
Europe, has species (figs 282-285) in the Chalk of England 


FiK 282 Fig 283 



\foitoni Mint floiglitou ''ii -.pv Wiiitt (liilk 
JJi mil rt r om M\t nth 1 It si7< 

] Ik 282 Two imlividuiiU ileprivtd of tliiii upper vahe>>, adht nng to_Lt!iPi 
28 1 Same cen from above 

2Si i r 111 'ivtr^e section of [lart ol the wall of the >.hell imitriiitK d to show tlie 
structiirt 

28'i \ (.rtic il settioii of tlic s uric 

(mtliesiili wIk re tliL shell is ihiiiiiest the le mom oxtoriia] Imiow ind cone 
sponding intern il ridM « l> lU' 282 283 buttlu\im iisuill} h ss inoinii i nt tli m 
intliisi fl^nres The ippcr or o[)( n nl ti i ilvi w intiiu 


Tin gi nt lal absence of unuaKt molliisca in the Chalk of England 
IS \eiv niaiked Of Biyo/oa theie is in abundance, such as Eschara 
ind EscJuinna (tigs 2K(), 287) These ind othci oiganic bodies, 
especially sponges, such as I ontncuhUt, (ti<^ 2()7) are dispeised in 




/ 'nfiitni di fukti ( oldt White riialk 
n Nntural sizt b Portion inngiiitiul 

differently thiougli the soft chalk and liaid flint, and some of the flinty 
nodules owe then irregular foims to enclosed sponges, such as hg 288 
a, where the hollows in the exterioi are caused by the blanches of 
a sponge (hg 288, 6), seen on breaking open the flint 




Palatal tooth ot 
Ptyrhodutdecurrem | 

Lower White Chalk teitmuon PMlhppi (nr lereiit 

Maidstone Port Jackson Huckland Bridge atet Treatise, Pi 27, d 
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the genus Ptychodm (fig 289), which is allied to the living Port 
Jackson shark, Cestraceon PhiMi0>i, Cuv , the anterior teeth of which 
(see fig 290, a) are sharp and cutting, while the posterior or palatal 
teeth (6) are flat The Teleostean division, to which most of the living 
bony fishes belong, appears to have been fairly repiesented in Greta 
ceous times, and it is represented byspeciesof Beryi a genus still exist 
mg in the Atlantic and Pacific Oceans But 
we meet with no bones of land animals, nor tit .>91 

any teiiestnal oi fluviatile shells, nor any 
plant'^, except seaweeds, and here and theie 
i piece of dnft wood All the appearances 
concui in leading us to conclude that the 
Chalk was the pioduct of an open sea of 
great depth 

The collectoi of fossils liom the Chalk 
was formerly puzzled by meeting with cer 
tain bodies which weie called ‘larch cones,’ 
which were afteiwards recognised by Di 
Buckland to be the excrement of hsh Coprolitc? of fish from tin 
(fig 291) They are composed in great part 
of phosphate of lime 

Certain bands in the Chalk aie found largely converted into 
calcium phosphate, and constitute a valuable manure Of these 
phosphatic chalks we have an example in this country at Taplow 

The Middle and Lower Chalk have yielded twenty five species of 
Anmoniks, of which one half are peculiar to these divisions The 
genera Bacuhtes, Hamites, Scapintes, Turnhtes, Nautilus, and 
Belemnitdla, ait also represented At the top of the Middle Chalk 
IS found the hard cream colouied Chalk lock Below this is a thick 
ness of at least 220 feet of Chalk, with some few flint bands near the 
top This pait IS full of fiagraents of shells, and may be divided into 
three zones— the /one of Holaster planus, Mant , at the top, that of 
Toehratidim gracilis, Schloth , next below, and at the bottom the zone 



iis w 



Fine III finceps Lam 1 Lower Chalk 

of Inoceramus lahiatus Schloth These zones rest upon the gritty and 
nodular chalk known as the Melbourn Rock, which forms the base of 
the senes It contains the Inoceramus just noticed, with Echinoconus 
subrotundus, Mant , Ac The Middle Chalk is the eqmvalent of the 
continental Turonian, and there is a considerable palaeontological 
break between it and the underlying Cenomanian or Lower Chalk 
with Chalk marl 

The fairly well defined bed of yellowish gritty chalk, referred to 
under the name of ‘ Melbourn Rock,’ may be seen, in some places in 
the south east of England, in clillf sections lying below the Chalk 
without flints It contains Achnocamax {Belemmtella) plenus, Blain 
sp , and Badxohtes Mortom, Mant It merges downwards into the 
Grey Chalk, which is somewhat grey in colour and destitute of flints 
The Lower Chalk contains several zones of fossils, of which that 
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]ust mentioned may be considered the top Beneath the zone with 
Acttnocamax (Belemmtella) plenus, Blain sp , is that of Holaster 
suhglohoms, Af' , and Discoidea cyhndnca, Ag A lower zone con 
tains Ammonite^ { icantJwcera'i) rothomngensis, Defi , A {Schlocn 
bachia) vauans, J Sow and Pecten Beaten, Sow 


lit 211 



( irfinthorfi/fi) 7 0 lhoma len^i^ Dcfr (hilkmirl 
Back and side \ u w 

In the neighbouihood of Dunstable, the haul Tolternhoe stone 
lies at the base of the Grey Chalk, and both oveilit the true Chalk 
marl 

CJialb marl - This i*? an aigillactous chalk, and it foims \vith 
the next dnision the base of the tiue Chalk foimation It is seen 


lit i'JI Illfi'b 



Turrihiet 1 111) , J I ower Ch ilk and ( ledk marl 

a bection, thow int the foliated border of the sutuiu, of tlit chamber'i 

at Folkestone and in the Isle of Wight, and contains amongst the 
common ioBSils Seaphites cequahs, (fig 295), Tumhtes costatus, 
Lam (fig 294), Ammonites {Acanthoceras) Mantclh, Sow , and Lima 
globusa, Sow ^ 
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Chlontic Marl —This yellow or whitish chalky marl contains 
grams of glauconite, and phosphatic nodules It yields Anmonttes 
(Acanthocfiras) Mantdh, Sow , A (Schloenbachia) vartans, J Sow , 
A (Acanthoreras) laticlavms, Sharpe, Nautilus Icevtgatus, D’Orb , 
Tciebratula hiphcata, Sow, &c 

The Greensand of Cambridqe, a bed about a foot thick, lying at 
the base of the chalk of Cambridge, is a glauconitic marl with phos 
phatic nodules, rolled fo'!sils, and eriatic blocks It is the equivalent 
of the Chlontic mail forms the base of the Chalk mail, and rests 
unconfouiuibly on the Gault from the denudation of which its rolled 
fossils ha^e been derived Niimeious leptilian and other bones have 
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been found in this deposit belonging to Chelonians, Laceitilia, Croco 
diles (Polyptychodon), Dinosauria, Mosasauna, many species of 
Pterodactylus, small and laige and species of Plesiosaurus and 
Ichthyosaurus Two species of true birds occur (belonging to the genus 
Enaliornis), and Professoi H G Seeley considers them to have been 
swimming buds 

The Red Chalk of Hunstanton is probably of about the same 
geological age as the Cambridge Greensand, its colour being due to 
oxidation of the glauconite 

Upiper Greensand —The sandy strata of this age, often greenish in 
colour, are not very readily separable from the Chalk mail The for- 
mation may be divided into an upper zone with Pccten asper, Lam , 
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and a lower with Ammomtea {Schloenbachia) rostratus, J Sow But 
there is a mixture of Chalk marl, Chloritic marl, and even of Gault 
species in this series, so that it is very debateable ground It is 
well developed in Devon and Someiset The Warminster beds con 
tain Mtcrabacm coronula, Edw and H , Ostrea cannata, Lam (fig 
297), Peden aspcr, Lam , Terebratula biplicata, Sow , and the Black 
down beds have Trujoma alaformis, Paik , Peden (Janira) qutn 
quccostafus, Sow (fig 290), and Kxogyra cowca, Lam 

The development of this senes is slight in the Kentish area, hut 
it IS well seen in the Isle of Wight and again m Antrim 

Among the cliaiactenstic mollusca of the Upper Greensand may 
be mentioned T ncbrnostra lyra^ bow (fig 290), Peden qvinquc 
costatus, Sow (hg 290), and Osttea columba, Lam (fig 29()) 

The Cephalopoda aie abundant 40 species of Ammonites aie 
now known, 10 being peculiai to this subdivision, and the lest 
common to the beds immediately above or below 

Oault. -The lowest member of the Lppei Cretaceous gioup, 
Usually about 100 feet thick in the S E of England, is piovinciallj 
teimed Gault It is a stiff daik blue mail, sometimes intei mixed 
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With greensand Messis Di Ranceand Puce have shown that one of 
the best sections is at Copt Point, near holkestoiie, wheie the uppei 
and lowei divisions of the senes can be seen The uppei division 
contains Ammonites (Schloenbachta) rostrafus, Sow , Kingena lima, 
Defr , Scaphitea cequalis. Sow , Ammonites {Schloenbachia) enstatus, 
De Luc , and nearly half of its species pass up into the superincum 
bent beds The lower division rests on Lower Cretaceous rocks, over 
laps them, and lies m turn on the various beds of the Jurassic system, 
showing the physical break between the Lower and Upper Cretaceous 
formations About one eighth only of the fossils pass from the Lower 
into the Upper Gault The lower division contains Ammonites 
(Hophtes) auntus, Sow , A (HoplUes) lavtus Sow , Solarium monih 
ferum, Mich , Ancyloceras spintgerum, D’Orb (fig 301), numerous 
corals and crabs, and species of Cmoceraa and Hamites 

The great bieak between the Upper and Lower Cretaceous is shown 
by the remarkable unconfoimity and overlap (overstep) of the chalk 
on all the other strata (See fig 109, p 101) 

The researches of M Barrois, Mr Price, and other authors have 
shown that the English Upper Cretaceous consists of a number of sub 


ZONES OF THE CRETACEOUS 


Senonian 
(Upper Chalk) 


Turonian 
(Middle Chalk) 


Cenomanian 
(Lower Chalk and 
U Greensand) 


divisions or zones, each chaiacterised by a peculiar assemblage 
of fossils These zones are as follows — 


Zone of Belemnitella miicronata, 
Schloth 

„ „ Belemnitella quadrata, Defr 
, Marsupites 

Micraster cor anqiuniim, 
Forbes 

Micraster cor ksludinanurn, 

Goldf 

, „ Ilolaster Mant 

(Chalk Rock) 

I /one of Terebratulina graciks, 

' Schloth 

, „ „ InoceramuslabiatusS<ih\oi\i 

1 and RhyncJwnellaCuvteri, Sow 
Zone of Belemnitella (Actinocamax) 
plena, Blain (Melbourn 
Rock) 

„ „ Ammonites {Acanthoceras) 
rothomagensis, Defr 
„ „ Ilolaster subglobosus, Ag 
„ „ Ammonites {Schloenbachia} 
vanans, Sow ,and Rhyn 
chonella Martini, Mant 
„ „ Plocoscyphia meandnna, Rom sp 
„ „ Pecten asper, Lam 
Zone of Ammonites (Schloenbachia) 

infiatus. Sow jj 

, Kingena lima, Defi 
, „ Ammonites (Schloenbachia) 

varicosus. Sow 

„ „ Ammonites (Schloenbachia) | 

cnstatus, De Luc [.Juncti 

, „ Ammonites(Hoplites)auritus, i bed 
Sow ) 

„ „ Ammonites (Hoplites) dena , 
nus, Sow I 

„ „ Ammonites (Hoplites)lautus, I 
Sow 


Albiaii (Gault) 


„ Ammonites (Schloenbachia) t.™.- 
Delaruei, D’Orb 
„ Crustacea 

„ Ammonites (Hoplites) au 
ntus, Sow var 

„ Ammonites (Hoplites) inter 
ruptus, Brug ^ 


IFPBB NEOCOMUN (‘ LOWER GBEEVSAND ’) 

The sands which crop out beneath the Gault in Wiltshire, Surrey, 
and Sussex are sometimes in the uppermost part pure white, at other 
times of a yellow, green, or blown colour, and some of the beds con 
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tain much ferruginous matter At Hythe they contain layers of 
calcareous rock and chert, and at Maidstone and other parts of Kent 
the limestone called Kentish Kag is 
intercalated This somewhat sandj and 
calcaieous lock foims strata two feet 
thick, alternating with quart/ose sand 
The total thickness of those sandstone 
and calcareous beds is less than dOO loi t 
and the Hythe beds arc seen to lest 
immediately on a giey claj, to which we 
shall piescntl) allude as the Athcifaeld 
ch\ Among the fossils of the Hythe 
beds we ma\ mention Naufilu<iplicafu‘>, 
Sow (hg 102), jhtcyloceras (Scaphitcs) 
qigas, D’Oih (fig 10-1) -which has been 
iptly described is an Ammonite moic 
or less uncoiled Tngoma caudofn, A(^ (fig d05) Geivillui anceps, 
Desh (fig d04)- a bn alvc genus allied to Avicula and Tirclnnhila 
sella, Sow (hg 10b) In feriuginous beds of the same age in Wilt 
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Cfrvillut aneip'i, Desh , J ft igonia coudala, Ag , J 

L jiper Neocomlan, Sum i L pjier N eocomi in 

shire IS found the remarkable shell called Diceras Lonsdahx, Sow 
(fig 307), belonging to the Chamidai, which abounds in the Upper 
and Middle Neocomian of Southern Europe 

M Barrois and other authors regard the Folkestone beds or ‘ Car 
stone,’ which form the upper member of the Lower Greensand, as 
being clobcly connected with the Gault, and they believe that an 
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unconformity accompanied by a great change in fossils exists between 
the Folkestone beds and the underlying members of the ‘Lower 
Greensand ’ If this view be coirect, the Folkestone beds will have to 


1-1, m. 



f>hi alula sell i Sow 1 
I jiptr ^eocornla^l, If} the 
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Danas fonsflalu,5o\ i Lpjxir Xcocnmnn, Wilts 
a The bivalve aliell 
b Cxat of one of the valves enlarfei t] 


be icmoved fioni the \eocomian and grouped with the Upper 
Cretaceous 

Atherfleld clay — Wc mcntioiud befoie that the Hythe senes 
rests on a grey clay This clay is onlj of slight thickness in Kent 
and Suirey, but is bettei developed at Atheiheld, in the Isle of 
Wight The difference, indeed, in mineral chaiacter and thickness 
of the Uppei Neocomian foiniation neai Folkestone, and the corre 
bponding beds in the south of the Islt of Wight, about 100 miles dis 
tant, istiul) leniarkable In the latki place wc find no limestone 
answering to the Kentish Kag and the entiie thickness flora the 
bottom of the Atheiheld clay to the top of the Neocomian, instead of 



being less than 300 feet as m Kent is given by the late Professor E 
Forbes as 843 feet, which he divides into sixty thiee strata, forming 
three groups The uppermost of these consists of ferruginous sands , 
the second of sands and clay, and the third or lowest of a brown clay 
abounding in fossils 

Pebbles of quartzose sandbtone, jaspei, and flinty slate, together 
with grains of chlorite and mica, occur in the Lower Greensand of 
Surrey , and fragments and water worn fossils of the Jurassic rocks 
speak plainly, as Mr Godwin Austen has shown, of the nature of 
the pre existing formations, by the wearmg down of which the 
Neocomian beds were formed The land consisting of such rocks 
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was doubtless submerged before the origin of the Chalk, a deposit 
which was formed in a more open and probably deeper sea, and in 
clearer waters. 

Among the shells of the Athcrfield clay the most characteristic, 
perhaps, is the large Perm Mulleti, Sow , of which a reduced figuic 
IS here given (fig 308) 

•peeton olay— On the coast beneath the Chalk of Flam 
borough Head, in Yoikshiie, an argillaceous formation crops out, 
called the Speeton clay It is several 
FiR SOT hundred feet in thickness, and its 

palffiontological lelations have been 
worked out by Professoi Judd, and 
later by Mr Lamplugh, and it has 
been shown that it is separable into 
three divisions, the uppeimost of 
which, 150 feet thick, and containing 
87 species of mollusca, decidedly 
belongs to the Atherfield clay and 
associated strata of Hythe and 
Folkestone, already described It is 
AmmonUfi (ifopWet) DMave^u characterised by the Perm Mulish 
Le>m,i Upper Neocomiau Desh (fig 308),and rerfibmtttZosiffa, 
Sow (fig 306), and by Ammonites 
{Hophtes) Deshay mi, heym (hg 309), a well known Hythe and Ather 
field fossil Eemams of skeletons of the genera Plesiosaurus and 
Teleosaurus have been obtained from this clay At the base of this 
upper division of the Speeton clay theie occurs a layer of large 
Septaria, formerly worked for the manufacture of cement This bed 
18 crowded with fossils, especially Ammonites, some of which are of 
great si7e 



MinOlE NEOCOMIAN 

Tealby •erles—At Tealby, a village in the Lincolnshire 
Wolds, theic occur, beneath the White Chalk, some non fossilifeious 
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Pteten etnetta, Sow (/* cra$tUe$ta, Rom ) 
Middle Neocomiau, England Middle 
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iiat size 
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ferruginous sands about twenty feet thick, beneath which are beds of 
clay and limestone about fifty feet thick, with an interesting suite of 
fossils, among which are Pecten cinctust Sow (fig 310;, from 9 to 12 
inches in diameter, Ancyloceras Duvalht, Leveill4 (fig 311), and 
some 40 other shells, many of them common to the Middle Speeton 
clay, about to be mentioned As Ammonites (Placenticeras) clypet 
formts, D’Orb , and Terebratula hippopus, Rom , found in these beds, 
characterise the Middle Neocomian of the Continent, it is to this stage 
that the Tealby senes must be assigned 

The middle division of the Speeton clay, occurring at Speeton 
below the cement bed, before alluded to, is HO feet thick and 
contains about 39 species of mollusca, half of which are common to 
the overlying clay Among the shells are Ancyloceras Dtt/valhi, 
Leveill6 (fig 311) and Pecten cinctus. Sow (fig 310) 

Lower MTeoeomlan —In the lower division of the Speeton clay 
200 feet thick, 46 species of mollusca ha\e been found, and three 
divisions, each characterised by its 
peculiar ammonite, have been noticed Tj)? 312 

The central zone is marked by Ammo / — \ 

nites (Hnplites) noncus, Schloth (see AWlffmIk ' \ 

fig 312) On the Continent these beds / \ 

are well known by their corresponding I ^ 

fossils, the Hils thon and conglomerate />^^||||^ |[aM 
of the North of Germany agreeing with |ct 

the Middle and Lower Speeton, the 
latter of which, with the same mineial 

characters and fossils as in Yorkshire, ® 

IS also found in the little island of ^ 

Heligoland \mmoniffs{Hoplttei)uoniiii 

Wealden ronnatlon —Beneath sciiioth nst lov,er 
the Atherfaeld clay or Upper Neocomian Neocomian Spetton 
of the S E of England, a freshwater or 

delta formation is found, called the Wealden, which, although it 
occupies a small honzontal area in Europe, as compared with 
the Chalk and the marine Neocomian beds, is nevertheless of 
great geological interest, since the embedded remains give us some 
insight into the nature of the terrestrial fauna and flora of the 
Lower Cretaceous epoch The name of Wealden was given to this 
group because it was first studied in parts of Kent, Surrey, and 
Sussex, called the Weald , and we aie indebted to Dr Mantell foi 
having shown, in 1822, m his ‘ Geology of Sussex,’ that the whole 
gioup was of fluviatile origin In proof of this he called attention 
to the entire absence of Ammonites, Belemnites, Biachiopoda, 
Echinodermata, Corals, and other marine fossils, so characteristic 
of the Cretaceous rocks above, and of the Oolitic strata below, and 
to the presence of PaludinsB, Melaniie, Cyrenae, and various fluviatile 
shells, as well as the bones of terrestnal reptiles and the trunks and 
leaves of land plants 

The evidence of so unexpected a fact as that of a dense mass of 
purely freshwater origin underlying a deep sea deposit (a phenome 
non with which we have since become familiar) was received, at first, 
with no small doubt and increduhty But the relative position of 
the beds is unequivocal , the Weald clay bemg distinctly seen to pass 
beneath the Atherfield clay m various parts of Surrey, Kent, and 
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Sussex, and to reappeai m the Isle of Wight at the base of the Cre 
taceoua seiics, being, no doubt, continuous far beneath the surfaci, 
as indicated by the dotted lines in the annexed diagram (fig 313) 
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They aie also found occupving the same rehtm position bdow the 
chalk m tlio peninsula ot PmlKck, ivhcrt, is wc shall sei in tin 
seipid, th( V rest on stiata idd ible to the Uppti Oolite 

Woald Clny ~ The upjiei division oi We tide hi}, 1 000 h'lt thick, 
IS, in gicat pait of luslnsaUi origin hut in its Inglust jioition 
eontuns b((is of o>steis md othei nuuine shells which indicate 
fiuvio iiiaiim conditions I In uppeimoht beds an not onlv eon 
formable to the iiiteiioi stiata ot the o\ dicing Neoeoinian, but iit 
ot similai mincial tompo&itiem lo expliin this wc nu) suppos« 



that, as the delta of a great river was tranejuilly subsiding, so its to 
allow the sea to encroach upon the space previously occupied by 
fresh water, the river still continued to carry down the same sediment 
into the sea In confirmation of this view it may be stated, that 
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the remains of the Lfumwilon Manti Ih Meyer, and also species of the 
genera HypsUoplmlon, Peloyosawu',, Omithopsis, and Hylteosaurus, 
gigantic terrestrial reptiles, belonging to the order Dinosauria, have 
been discovered near Maidstone, in the overlying Kentish Rag, or 
marine Iimehtone of the Upper Neocomian, and in the Isle of Wight 
and elsewhere Hence we may infer that some of the Reptilia which 
inhabited the country of the great river which formed the Wealden 
delta, continued to live when part of the district had become submerged 
beneath the sea Thus, in our own times, we may suppose the bones 
of large crocodiles to be frequently entombed in recent freshwatei 
strata in the delta of the Ganges But if part of that delta should 
sink down so as to be covered by the sea, marine foiniations might 
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begin to accumulate in the ana in which fieshwatci bids had 
previously been foimed , ind yet the Ganges might still pour down 
its turbid waters in the same direction, and carry seawaid the 
carcases of the same species of crocodile, and in this case their bones 
might be included in manne as well as in subjacent freshwatei 
strata 

Complete skeletons of Igtianoihn have been found in Belgium, 
one of which showing the general structure of these leraarkable 
extinct reptiles is shown in fig dlb 

Occasionally bands of limestones called Sussex Marble occur in 
the Weald clay, almost entnely composed of a species of Palitdxna, 
closely resembling the common P vivipara, L , of English rivers 
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Shells of the Cypndea (fig 317), a genusof Ostracoda before mentioned 
as abounding in lakes and ponds, are also plentifully scattered through 
the clays of the Wealden, sometimes pri^ucing, like plates of mica, 
a thin lamination (see hg 318) 


Fig 317 Fig 818 
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Baatlngra Sands —This lower division of the Wealden consists 
of sand, sandstone, calciferous gnt, clay, and shale , the argillaceous 
strata, notwithstanding the name, predominating somewhat over the 
arenaceous, as will be seen by reference to the following section, 
drawn up by Messrs Drew and Foster, of the Geological Survey of 
Great Britain 


^dmes of feuboniiintt 
I onnation^ 


Mineral Composition J liit kne^s 
of the Strata in 1 ett 




Hastings 

Sand 


I Wadhurst Clay 
Ashdown Sand 


^Ashburnham Beds 


( Blue and brown shale and 
\ clay with a little calc grit 
rHard sand with some beds 
[ of calc grit 

1 Mottled, white and red clay 
\ with some sandstone 


150 

100 

160 

B30 


The picturesque sceneiy of the * High Rocks ’ and other places 
in the neighbourhood of Tunbridge Wells is caused by the steep 
natural cliffs, to which a hard bed of white sand, occurring in the 
upper part of the Tunbridge Wells Sand, mentioned in the above 
table, gives rise This bed of ‘ rock sand ' vanes in thickness from 
25 to 48 feet Large masses of it, which were by no means hard or 
capable of making a good building stone, form, nevertheless, pro 
jecting rocks with perpendicular faces, and resist the degrading 
action of the river because, says Mr Drew, they present a solid mass 
without planes of division The calcareous sandstone and gnt of 
Tilgate Forest, pear Cuckheld, in which the remains of the hjuano 
don and Hylceosaurus were first found by Dr Mantell, constitute an 
upper member of the Tunbridge Wells Sand, while the ‘ sand rock ’ 
of the Hastings cliffs, about 100 feet thick, is one of the lowei 
members of the same The reptiles, which are very abundant in 
this division, consist partly of marine saurians, among which we 
find the Megalosaurus and Pleswsaurm The Pterodactylus is also 
met with in the same strata, and many remains of Chelonians of the 
genera Tnonyx and Emys, now confined to tropical regions 

liie fishes of the Wealden are chiefiy referable to the Ganoid 
and Placoid orders Among them the teeth and scales of Lejjidotus 
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At diflteicut hoiizoiiB m the Hastings Sand we hnd again and 
again slabs of sandstone with strong ripple marks, and between 
these slabs are beds of clay many yards thick In some places, as 
at Stammeiham, neai Horsham, theie are indications of this clay 
having been exposed so as to dry and ciack befoie the next layer 
was thrown down upon it The open cracks m the clay have served 
as moulds, of which casts ha\e been taken in relief, and which aie, 
therefoie, seen on the lowei suiface of the sandstone (see fig S21) 
Neai the same place a loddish sandstone occurs m which are in 
numerable remains of a fern, appaiently a Sphawpieiis, the stems and 
fionds of which are dispo'^ed as if the plants weic standing eiect 
on the spot where the> originally grew, the sand having been gently 
deposited upon and around them , and similar appearances have 
been lemarked in othei places in this formation In the same 
division also of the Wealden, at Cuckfield, is a bed of giavel oi con 
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glomeiate consisting of vvatci woin p* bblcs of quait/ and jaspti, 
with rolled bones of leptilcs These iniM havt been diifted by a 
current, probably in water of no gieat depth 

P‘'ioin such facts wt may infei that, notwithstanding the gieal 
thickness of this division ot the ^\ealden, the whole of it was a delta 
deposit, in water of a modeiatt depth, and often fxtiemely shallow 
This idea maj seem staithng at hrst, jet such would be the natural 
consequence of a giadual and continuous sinking ol the sea bottom 
in an estuai> oi bay, into which a gieat river discharged its turbid 
vvateis B} each foot ol subsidence, tin fundamental rock would be 
flepressed one foot faithei from the suiface , but the bay would not 
be deepened, if newly deposited mud and sand should raise the 
bottom one loot On the contraiy, such new strata of sand and mud 
might be trequently laid dry at low watei, or overgrown foi a season 
by a vegetation propel to marshes 

Punfleld bed*, braokUh and marine.— These beds arc 
higher than the Wealden proper The shells of the Wealden beds 
belong to the genera MelanopsiSi Melania^ Paludtm, Cyrem, 
Cyclas, Umo (see fig 320), and others, which inhabit estuaries, 
rivers or lakes , but one bed has been found at Bunfield, in Dorset 
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*&hire, where the genera Corbula, Mytilus, and Ostrea occur, indica 
ting a brackish state of the water, and in some places this bed 
becomes purely marine, containing some well known Neocomian 
fossils, among which Ammonites {Hophte<i) Deshaymi, Leym (fig 
S09) may be mentioned Others are peculiar as British fossils, but very 
oharacteiistic of the Upper and Middle Neocomian of the North of 
Spam, and among these the Vicarya Lujani, De Verneuil (fig 323), 
a shell allied to Nenncea, is conspicuous The middle Neocomian 
beds of Spain, in which this shell abounds, attain at Utrillas a thick 
ne&s of 530 feet, and contain ten beds of coal, lignite, or jet, which 
are extensively woiked 


Tho classification of the Cietii 
roous stmt unto zones distingnished 
by ginups of cliauicteiistic fossils 
has been brought ibout by the 
libouis of tlie Ftenth geologists 
DOrbigny, Hebert, uid Buiois 
llif last mentioned iuthor Ins 
shown liow tins classification may 
bo applied to English strata in his 
‘ Kecln idles sui le Teirain Cntaci 
Siipi rieur dt 1 \ngleteire et dc 
I liliuuk ’ (187f)) Valuable infoi 
matioii on tli< Cictaceous strata of 
the Wealdin aica and the Ish of 


Wight will be found in the Memoirs 
of the Geologic il biirvoy on those 
districts Ml Jukes Browne IS en 
gaged upon the preparation of a 
memoir on the Cretaceous deposits 
of England Di W F Hume has 
given an admirable sketch of the 
Uppei Cietaceous locks in his 
memoii published in the ‘Proc 
Geol Assoc ,’ V full account 

of the Speetoii Clay, with figures of 
its fossils, with notes on its lelation 
to strata m Russia, has been recently 
published by Lamplugh and Pavlov 


CHAPTER XVir 

fHf JORAisSIt bYbTJi-M 

Classiikation of Juiassic striti- Foiamimfeia, Sponges, Corals, Eelnno 
dermata, Biacliiopoda, Lamellibianchiata, Gastropoda, and Cephalo 
poda of Jmassic rocks— Fishes, reptiles, birds, and mammals of the 
IiiiassK rocks — Terrestriil Flora of the Jurassic peiiod— Purbeck 
strati— Purbeck mammals— Dirt beds— Portlandian— Kiineridge Clay 
Coiallmc Oolite— Oxford Clay— Cornbrash— Forest Marble -Great 
Oolite — Stonesfield Slate with its Mammalia — Inferior Oolite — Upper 
Lias sand and clay -Miulstone and Middle Lias— Mihite Lias and 
Kinetic beds 

Nomenclature and clasilflcatlon of the Jnrasilo etrata. 

The name of this great s-ystem of stratified rocis is derived 
lioiii the Tina Mountains, wheie the formations are aihnirably 
developed, and were carefully studied by Marcou In England, 
and also m France, the s;ystem is usually divided into two 
members, the upper of which is called ‘ Oolite,’ from the preva 
lence m it of limestones of oolitic structure, and the lower ‘Lias,’ 
a provincial term applied to the finely lammated beds of clay 
and limestone of which it is chiefly made up In Germany the 
system is usually divided into three members, which bear the 
names of White Jura oi Malm, Brown Jura or Dogger, and 

• T <1 
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Black Jura or Lias The German Dogger is the equivalent 
the Lower Oolite of England 

It was while studying the Jurassic rocks that William Smith 
was first able to establish the important principle that strata can 
be identified by their oiganic remains, and the chief sub 
divisions of the Oolitic and Liassic rocks still bear the names 
(often of pro^ iik lal origin) first applied to them by Smith The 
geneial older oi succession and ippiovimate thicknesses of the 
beds of this system, as seen m the south ivest of England, are 
given ill the following table — 


H 

-f* 


W 


M 

H 

M 

o 


/ Upper 01 
Portland 
Oolites 
Middle or 
Oxford 
, Oolites 


Lower or 
Bath 
Oolites 




cc 


U pper 
Li IS 
Middle 
Lias 

Low Cl 
Lus 


( Purbeck beds, 300 feet 

Poitland Oolite and sand, 200 feet 
{ Kimeridge clay, COO feet 
I Coral rag and calcareous grit (coralline Oolite 
' 01 Coralhan), 250 feet 

I Oxford clay, with Kellaways rock, 600 feet 
I (Callovian) 

/Cornbrash, 25 feet 

Forest marble with Biadford clay, 150 feet 
I Great Oolite with Stonesfield slate, 120 feet 
j PMller’s earth, 150 feet 

Inferioi Oolite (including ragstones, freestones, 
\ the oolite marl, pea grit, and sands), 270 feet’ 

I Midford sand, 200 feet 
< Upper Lias clays, 200 feet 
I Marlstone lock bed, 400 feet 
' Middle Lias clays, 400 feet 
( Lower Lias clays, 800 feet 
' Lower Lias limestone and shale, 800 feet 


White Lias and Kinetic oi Avicula contorta beds 


It should be noted that the terms Great Oolite and Infer tot 
Oolite are used m the sense of prtncijtal Oolitic limestone and 
loioer Oolitic limestone 

As in the case of the Cretaceous rocks, latinised names of 
the local designations have been adopted m Fiance, and are not 
unfrequently employed in this country They ore given on 
pages 825, 826 

It will be seen that, speaking generally, the Jurassic strata 
of the south west of England may be regarded as made up of 
three great masses of limestone, or sandstone, alternating with 
others of blue clay or shale The hard limestones and sand 
stones form well marked escarpments, which appear in succes 
Sion beyond that of the chalk, and traverse the country from 



CH XVII ] lUBASSIC FAUNA AND FLORA 277 


N E to 8 W , as illustrated in the following diagrammatic 
section 


N w 


Lower 

Oolite 


Fig 324 
Middle 
Oolite 


SF 

Tapper London 

Oolite Chalk Chy 



Oxford rill} Kini Clnv Gault 


Cbaraoterlatloa of the Jurassic fauna and flora —It 

appears doubtful if an} species of British fossil, whether of the 
vertebrate or invertebrate class, is common to the Jurassic 
and Cretaceous But there is no similar break or discordance 
as we proceed downwards, and pass from one to another of the 
several leading members of the Jurassic group, there being often 
a considerable proportion of the mollusca, sometimes as much 
as a fourth, common to such divisions as the Upper and Middle 
Oolite Between the Lower Oolite and the Lias there is a some 
what greater break, for out of 256 mollusca of the Upper Lias of 
Britain thirty seven species only pass up into the Inferior Oolite 
It IS in the Jurassic system of strata that we find the most 
perfect illustration of the Mesozoic marine fauna in the British 
Islands Many of the limestones are largely made up of tlie 
remains of Foraminifera , and siliceous sponges (Lithistida? 
and Hexactmellidifi) are also found Corals of the order Hexa 
coralla, both compound and reef building, like haatraa (fig 650, 
p 223), Thecostmha (fig 368, p 294), Thamnastraa (fig 859, 
p 294), and simple forms like Monthvaultia also abound, and 
many rocks, like the Coral Rag, are almost entirely made up of 
the remains of these orgamsms Echinoderms are represented 
by Apwcnnua (fig 366, p 297) mdiPtmtacnnua (fag 408, p 307) 
among the stalked forms (Cnnoidea),and by many sea urchmslike 
Cidans, Echtnobrmua, Holectypus, &c , and some Star fishes 
The Brachiopoda show the same abundance and variety as 
in the Cretaceous system In addition to the Terebratulidae (fig 
888, p 802) and Rhynchonellidee (fig 389, p 802), we find a few 
surviving forms of the Palaeozoic Spinfendse (fig 409, p 307) 
The Lamelhbranchiata are represented by abundant species of 
Oysters (figs 353, 856, 860, 386, 396), and also the forms known 
as Exogyra and Oryphcea (fig 403, p 306), together with mam 
species of Lima (fig 405), Fecten, Modiola, QervilUa, and 
Cardium (fig 854, p 298) Of Tngoma many very interesting 
forms occur in different divisions of the Jurassic system (fag 
851, p 298) , and the same is true of the genera Pholadomya 
(fig 890, p 302), Gontomya, and Myacitea Among the Gastro- 
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poda some of the most abundant genera are Pleurotomana (figs 
391, 892, p 808), Nenncea (fig 361, p 294), Pteroceray and 
Cylindrites (fig 871 p 298) 

It IS by the abundance and richness of its Cephalopod fauna 
that the Jurassic rocks are best characterised Ammonites 
belonging to the genera AsjJidoceras, Peiu^ihinctes, Cosmoceras 
(fig 364, p 295), Macrocepkahtes, Stephanocer as (fags 368,394, 
Haipocerasy Amaltheus (tig 698), PhylloceraSyAiJgoceras 
(fig 401), and Arictites (fag 400), are particularly abundant and 
characteristic The persistent genus Nautilus is still represented 


Iig 32.^ 



b ScalessOf frhitiolti^ ti hhinodu^ Rcstorcil outlim ( ikt, oi Dapfdius 

Lftickn, Ag mo/nlifer, Ag 

« Iig 326 



Scales of lepidotm (jv/as, Ag 
« Two of the scales detached 


by many forms, and Belemniteb of man} varieties, some shoit 
and stout, and others very slender and several feet in length, 
are found in nearlv all the beds , some of the Belemmtes still 
retain in their fossil state the ink bag, the contents of which 
were employed to darken the vvateis, so that they might escape 
from their enemies 

In a few finely laminated rocks, like the Stonesfaeld slate, 
the septaria of the Lias, and the lithographic limestone of 
Solenhofen, abundant remains of Crustaceans, both long tailed 
and short tailed, have been found 
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Fish remain*! are very numerous in some of the Jurassic 
strata , Ganoids, for the most part with homocercal tails, abound 
(figs 325, 326), as do also Selachians like Eyhodua (fig 328) 
and Acrodua (fig 327) The palatal teeth and fin spines 
(ichthyodorulites) of Selachian fish are found in many of the 
Oolitic and Liassic strata 

Iig w 



(.hiimtia mon'>tio'<a, I 

(I Spiuc foumng mteiior par*^ ot the (lorsxil nii 


Ordinary bony fishes (Teleostcans) are almost unknow n 
The highest organisms found m the Jurassic seas were the 
remarkable and gigantic reptiles belonging to the orders Plesio 
sauna (fig 331) and Ichthyosaiiria (fig 830) 

Of these extinct reptiles, some of which are between twenty 
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and thirty feet in length, we find skeletons illustrating ever> 
stage of development Occasionally e\en the outer integument 



of the animals has been preserved, with the contents of then 
stomachs and their excrement (coprohtes) 
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Of the freshwater and terrestrial fauna and flora we have 
less perfect but very interesting evidence In the Furbecks and 
other similar beds, mtercalated with the Jurassic marme senes, 
we find many characteristic forms of freshwater moUusca, 
crustaceans, and fish Insects m great variety and of remark 
able forms occur in some of the fine grained deposits Beptilia 
belongmg to the living orders Lacertilia, Crocodilia, and Che 
Ionia abound, and with these occur many remarkable types 
now extinct, some of which attamed enormous dimensions 
Among these were the Dinosauria, a great extinct reptilian 
order, exhibitmg, as Professor Huxley and other comparatiie 
anatomists have pointed out, very remarkable affinities with 
birds Some of the earlier representatives of the order were 
of moderate si/e and were covered with a bony armour, while 
they exhibit less bnd like characters than later forms Of this 
t>pe 18 the Scehdosaurus of the Lias (fig 332) 


Pig 332 



SceMowirui Hamsoni, Ow Restored Skeleton (A nat size) From the 
Lower Lias of Ljmc Regis, Dorsetshire 

A Dinosaunan reptile with its shoulders, back, and tall coyered with thick bony 
scutes or spines In addition to the three toes on the hind foot found in the later 
Dinosaurs, there is a fourth rudimentary one present in this ancient form 

The later bird like forms were often of gigantic dimensions, 
like the Megaloiav/rua (fig 883) and Iguanodon (figs 314-816, 
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pp 270, 271) They appear to have walked on their hind legs, 
and to ha\e left tnfid impressions like those of birds 



In the Western Territories of North America, and also in tins 
country, remains are found of a remarkable group of Dmosauria, 
which are remarkable for their great size and the smallness of 
their skulls The reptiles of this group (Atlantosauridee) did not 
in all probabihty assume the erect habit of the Dmosauria before 
noticed (see fig 884) 
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branes that formed the wmgs and rudder-Iike tail These have 
enabled Professor Marsh to make the foUowmg interesting 
restoration of the animal 


Fig 335 



Rhamphorhpichut Mumlm, Gold! (Hcstored by Marsh ) f nst rise 
From the Lithographic Stoue, Eichstadt Bavaria Woodcut furulshcd hy Prof 0 C 
Marsh 


Fig 336 



Pttrodactylu) antiquun, Sommernng Almost complete skeleton, J uat size 
From Lithographic Stoue of Eichstadt, Bavada 
f,g,h,i Modified digits of fore-arm, supporting wing membrane « Other digits 
of fore ana forming claw #,r Hind leg with feet (m, t) 
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In the same stone of Solenhofen two examples have been met 
with of a true bird with teeth, almost entire, and having even the 
feathers so well preserved, that the vanes as well as the shaft 
are seen It has been called by Professor Owen Archeeopteryx 
macrura Although anatomists agree that it is a true bird, yet 
they also find that in the length of the bones of the tail, and some 
other minor points of its anatomy, it approaches more nearly to 

I ig 337 



Tail Hul featlier ot At chceoptfryx from Solenhofen ami tail of Imng bird for 
companson 

A Caudal vertcbr of Archccoptf}yj. nnxerura, witli impression of tail 

feathers, ^ n it sue 

B Two caudal vertebra; of same nat size 

C Single feather, found in 1861 at Solenhofin, b> Von Mejir, and called AicIkxo 
pteryx lUhographica Nat size 

D Tail of recent vulture bengalmn^ Bm ) showuig att n bnieiit of tail feathtrs 

in living bink ^ nat size 

E Profile of caudal vertebrae of same ^ ii it sum e <• Direction of tail-feathers 
when seen in profile Floughsbaie bone or broad terminal joint (seen also 
in f, Dj 

leptiles than does an;y li\mg bird In the In mg representa 
tives of the class Aves, the tail feathers are attached to a coccy 
geal bone, consisting of several vertebrae united together, whereas 
in the ArchcBopteryx the tail is composed of twenty vertebrae, 
each of which supports a pair of quill feathers (See fig 887 ) 
The first specimen of this oldest known and most remarkable 
bird IS preser% ed in the British Museum A second specimen of 
Archaopteryx, w^oh has been discovered at Solenhofen and is 
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preserved m the Berlin Museum, shows the skull, and the jaws 
are seen to be armed with conical teeth ivhich are set in sockets, 
like those of the Cretaceous birds already described, fig 338 


rig vs 



i)ch(ropteryi mne> mn Ow '^knll mth tertii 
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In the Jurassic rocks 
a number of lower jaws 
and a few other bones 
have been found belong 
ing to mammalia of the 
primitive order Alio 
theria, with others that 
have been referred by 
zoologists to the Mar 
snpialia They are all 
of small size, indicating 
thf existence of animals 


v\ ith dimensions between 


those of rats and labbits Thev have been chiefly found m the 
Stonesfield slate and Pin beck beds of England, the Solenhofen 
stone of Bavaria, and the Upper Tuiassic of North America 
In the Jurassic flora uc miss the numeious flowenng plants 
(Phanerogamia) of the Cretaceous md Tertiary , but Conifers, 
C\cad!5 (hg J4G, p 291), and also Cryptogams occur in gieat 
abundance 


The researches of the late Professor Neumayi have proved 
that there existed in Jurassic times not only a distribution of the 


forms of maiine and teirestrial lift m geographical provinces 
(similar to, but quite distinct from those of the present day), but 
that also, as in the case of existing fauna and flora, the influence 
of elmiate upon this distribution can be distinctly traced at this 
early period of the earth’s history 


British Bepresentatlves of the Jurassic System.- It was 

in the British Isles that the subdivisions of the Jurassic strata weie 
first worked out by William Smith, and many of the names still 
applied to thesp strata are taken from English localities 

The Oolitic stiata of the south of England consist of deposits 
of shelly and often oolitic limestones ilternatmg with beds of clay, 
mail, and sand 

The Vpper Oolite — This division consists of the estuarine 
Purbeck, with the marine Portlandian and Kimendge beds below 
Purbeek beds —These strata, which we class as the uppermost 
member of the Jurassic, are of limited geographical extent in Europe, 
but they acquire importance when we consider the succession of three 
distinct sets of fossil remains which they contain Such repeated 
changes m organic life must have reference to the history of a vast 
lapse of ages The Purbeck beds are finely exposed to view in 
Durdlestone Bay, near Swanage, Dorsetshire, and at Lulworth Cove 
and the neighbouring bays between Weymouth and Swanage 
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The highest of the three divisions is purely freshwater, the strata, 
about fifty feet in thickness, containing shells of the existing geneia 
Paludina, Physa, Limiuea, Planorhts, Valvata, Cyclas, Umo, with 
CypndcB and fish All the species seem peculiar, and among them 
the CypndcR are very abundant and characteristic 

The freshwater limestone called ‘ Purbeck Marble,’ formerly much 
used in oinamental architecture in the old English cathedrals of the 
southern counties, is exclusively procured from this division 

Next m succession is the Middle Purbeck, about thirty feet thick, 
the uppermost part ot which consists of freshwater limestone, with 
cypndi, turtles, and hsh of different species from those m the 
preceding strata Below the limestone are brackish water beds full 
of Cytena, and traveised by bands abounding in Corbula and 
Melania These ire based on a 



II h iiiiilivto S(,\v imt M/i H piiihickemi E lorbC' 

( mdtr bed, Miildle Purbu I ut i7( Ifiddli Purbrek 


ind shales, paitly of buckish and paitlj of fieshwater oiigin in 
which nnny (ish, especially species of Lejndotus and Mu radon 
uidiatus, Ag aic found, and a crocodilian leptile named Macro 
7 hynchiis Among the molluscs a remark iblc ribbed Melania, of the 
subgenus Chilina, occurs 

Immediately below is a great and conspicuous stratum, twelve feet 
thick, formed of a v ast accumulation of shells of Oitiea distoita, Sow 
(fig 339), long familiar to geologists under the local name of ‘ Cinder 
bed ’ In the uppermost part of this bed 
Piofessoi Foibes discoveied a species of iigiii 

Hcmnulans (hg 140), a genus chaucteristic 
of the Oolitic period It was accompanied 
by a species of Ptrna Below the Cmdei 
bed, fieshwater strata aie again seen, filled 
m many places with species of Cypridca and 
with Valvata, Paludina, Planoi bis, Limruea, 

Physa (fig 341), and Cyclas, all different 
tiom any occurring higher in the series 
Thick beds ot chert occur m the Middle PAjna flni/oin E Forbes 
Purbeck filled with mollusca and Cypiidce Middle Pur bee 

of the genera aheady enumerated, in a beau 
tiful state of preservation, often conveited into chalcedony Among 
these Professor Forbes met with Oyrogonites (the spore vessels of 
Chara), plants novel before discovered m rocks older than the Eocene 
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About twenty feet below the ' Cinder bed ’ is a stratum two or three 
inches thick, m which the fossil mammalia presently to be mentioned 
occur , and beneath this is a thin band of greenish shales, with 
marine shells and impressions of leaves like those of a large Zostera 
it forms the base of the Middle Purbeok 

Fossil Mammalia of the Middle Purbeck —In 1852, aftei 
alluding to the discovery of numerous insects and air breathing 
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I’re molar of the retent Australian 
ffl/pnprymm {/otorous) show 
iDg 7 grooves at right angles to 
the length of the jaw, magnified 
3^ diameters 


rif, 343 



Third and largest pre mohr (lower 
JAW) of Plagtaiilax Bfekleiu Falc 
magnified 5^ diameters sliowani, 
7 grooves arranged diagonalh hi 
the longtli of tlie jaw 


mollusoa m the Purbeck strata, Lyell pointed out that, although no 
mammalia had then been found, ‘ it was too soon to infer their non 
existence from mere negative evidence ’ Within the next six years 
Mr W E Brodie and Mr S H Beckles succeeded in detecting a 
great number of bones, chiefly lower jaws, m the dirt bed of the 
Middle Purbeck, an old terrestrial surface These have been referred 
by Professor Owen to twenty five species belonging to eleven genera 

rig 344 



Ilngmiilaj Becklfw, Pale Midiik Piirbuk 
Right ramus of lower jaw, magmtted two diameters 
a Incisor he Line of vertical fracture behind the pre-moiars (/ Ihric 
pre molars the third and last (much larger than the other two taken togttlierj 
being divided by a crack e Sockets of two missing molars 

The largest pre molar (see fig 343) m one fossil genus exhibits 
seven parallel grooves, producing by their termination a serrated 
edge in the crown , but their direction is diagonal and not vertical 
as in the living Hypsiprymnus—& distinction, says Dr Falconer, 
which IB ‘ tnvial, not typical ’ As these obhque furrows form so 
marked a character of the majority of the teeth, Dr Falconer gave 
to the fossil the generic name of Plagiaulaz The shape and 
relative size of the incisor, a, tg 344, exhibit a no less striking 
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similarity to Ilypstpryninm Nevertheless, the more sudden upward 
curve of this incisor, as well as other characters of the jaw, indicates 
a great deviation in the form of Plagiaulax from that of the living 
Hypsvprymnus or Kangaroo rat 

There are two fossil specimens of lower jaws of this genus 
evidently referable to two distinct species extremely unequal in si7e 
and otherwise distinguishable The Plagiaulax Becklesii, Falc 
(fig 344), was about as big as the English squirrel oi the flying 
phalanger of Australia (Petaurus australis, Waterhouse) The 
smaller fossil, having only half the linear dimensions of the other, 
was probably only 1 12th of its bulk It is of peculiar geological 
interest, because, as shown by Dr Falconer, its two back molars 
bear a decided resemblance to those of the Tnassic Microlestcs, one 
of the most ancient of known mammalia, of which an account will 
be given fuither on 

Up to 1857 all the mammalian remains discovered in Secondary 
rocks had consisted solely of single branches of the lower jaw, but in 
that year Mr Deckles obtained the uppei portion of a skull, ind on 
the same slab the lower jaw of another quadruped with eight molais, 
a large canine, and a broad and thick incisor It has been named 
Tnconodon from its three coned teeth, and is supposed to have been 
a small insectivorous mammal, about the size of a hedgehog Other 
jaws have since been found, indicating a larger species of the same 
genus 

To the largest of these Professor Owen has given the name of 
Triconodon major It was a carnivoious marsupial, rather larger 
than the Polecat, and equalling piobably in size the Dasyurus 
viiernnus, Shaw, of Australia 

Between forty and hfty mandibles, oi sides of lower jaws, with 
teeth, have been found in the Purbecks , and it is rem irkable that 
with these there were no examples of an entire skeleton, or of any 
considerable number of bones m juxtaposition When wo endeavour 
to account for the absence oi other bonc'., we are almost tempted to 
indulge m speculations like those once suggested by Dr Buckland, 
when he tried to solve the enigma ‘The coipses,’ he said, ‘of 
drowned animals, when they float in a river, distended by gases 
during putrefaction, have often their lower jaw hanging loose, and 
sometimes it has dropped off The rest of the body may then be 
diifted clsewheie, and sometimes may have been swallowed entire 
by a predaceous reptile or fish, such as an Ichthyosaurus or a Shark ’ 
Beneath the thin marine band, the base of the Middle Puibeck, 
some purely fieshwater mails occui, containing species of Cypris, 
Valvata, and Limruea, different from those of the Middle Purbeck 
This IS the beginning of the inferior division, which is about 80 feet 
thick Below the marls at Mewps Bay, nioie than 30 feet of brackish 
water strata aie seen, abounding in a species of Serpula, allied to, 
if not identical with, Serpula coacervata, Blum , found in beds of 
the same age m Hanover There aie also shells of the genus Rissoa 
(of the subgenus Hydrobw), and a little Cardium of the subgenus 
Protocardtum, m these beds, together with Cypridce Some of the 
Cypridea bearing shales are strangely contorted and broken up, at 
the west end of the Isle of Purbeck The great dirt bed or vegetable 
soil containing the roots and stools of Cycadete, to be presently 
described, undeihes tj;iese marls, and rests upon the lowest freshwater 
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limestone, a rook about eight feet thick, containing CycloB, Valmta, 
and Limrum, of the same species as those of the uppermost part of 
the Lower Purbeck, or above the dirt bed The freshwater limestone 
in its turn rests upon the top beds of the Portland stone 


Dirt bed or ancient surface 
soil —A stratum called by quarry 
men ‘ the dirt,’ or ‘ black dirt, was 
evidently an ancient vegetable soil 
It 18 from 12 to 18 inches thick, is of 
a dark brown or black colour, and 
contains a large proportion of earthy 
lignite Through it are dispersed 
rounded and sub angular fragments 
of stone, from 8 to 9 inches in 
diameter, m such numbers that it 
almost deserves the name of gravel 
Many silicified trunks of coni 
ferouB trees, and the remains of 
plants allied to Zamia and Gycas, 
are buned in this dirt bed, and 
must have become fossil on the 
spots where they grew The stumps 
of the trees stand erect for a height 
of from one to three feet, and even 
m one instance to six feet, with 
their roots attached to the soil, at 
about tne same distances from one 
another as the trees in a modern 
forest The carbonaceous matter 
18 most abundant immediately 
around the stumps, and round the 
remains of fossil Cycadena 

The fragments of the prostrate 
trees are rarely more than thri e or 
four feet in length , but by joining 
many of tliem together, trunks 
have been restored, having a length 
from the root to the branches of 
from 20 to 23 feet, the stems being 
imduided for 17 or 20 feet, and 
then forked The diameter of 
these near the root is usually 
about one foot, but sometimes as 
much as 8^ feet Boot shaped 
cavities were observed by Professor 
Henslow to descend from the bot 
tom of the dirt bed mto the subja 
cent freshwater stone, which, though 
now solid, must have been in a soft 
and penetrable state when the trees 
grew The thin layers of calcareous 
shale (fig 846) were evidently de 
ited tranquilly, and would have 
n horizontal but for the protru 
Sion of the stumps of the trees, 
around the top of each of which 
they form hemispherical concre 
lions 

There is also at Portland a 


smaller dirt bed, six feet below the 
principal one, six inches thick, con 
Bisting of brown earth with upright 
Cycads of the same species (Man 
teUta mdiformts, Brong , fig 840) as 
those found in the upper bed, but 
no Coniferae The weight of the m 
cumbent strata squeezing down the 
compressible dirt bed has caused 
the Cycads to assume that form 
which has led the quarrymen to 
call them ‘petrified birds' nests,' 
which suggested to Brongmart the 
specific name of ntdiformu The 
annexed figure shows one of these 
Purbeck specimens, in which the 
original cylindrical figure has been 
less distorted than usual by pres 
sure, and a figure of the living 
Cy<asK added (fig 347) that the 
student may have an idi a of a form 
so predominant in Mesozoic vegeta 
tion 

The dirt bid is by no moans 
confined to the island of Portland, 
whore it has been most carefully 
studied, but is seen in the same 
relative position in the cliffs east 
of Lulworth Covi, lu Doisetshire, 
where, as tlie strata have been dis 
turbed, and are now uiehned at an 
angle of 46", the stumps of the 
trees are also inchned at the same 
angle in an opposite direction— a 
beautiful illustration of a change m 
the position of beds originally hori 
zontal (see fig 348) 

From the facts above described 
we may infer, first, that those beds 
of the Upper Oolite, called ‘the 
Portland,’ which are full of marine 
shells, were overspread with fluvia 
tile mud, becoming dry land, 
covered by forest, tliroughout a 
portion of the space now occupied 
by the South of England, the 
climate being such as to permit the 
growth of the Zamia and Cycas , 
secondly, this land at length sank 
down and was submerged with its 
forests beneath a body of fresh 
water, from which sediment was 
thrown down enveloping fluviatile 
shells, thirdly, the tegular and 
uniform preMrvation of this thin 
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Freshwater calcareous shale 

Dirt bed and ancient forest 

Lowest freshwater beds of 
the Lower Purbeck 

Portland stone, marine 
Section in Isle of Portland, Dorset (Buckland and De la Beche ) 


Fig 346 



Fig 347 



stem the lower part the buses ( yea* nrcinalu, L Living in the East 

of the leaves Indies 

Fig 148 



Freshwater calcareous shalt 
Dirt bed, with stools of trees 


Freshwater 


Portland stone, matinc 


Section of cliff east of Lulwortli Cove. (Buokland and De la Beche ) 
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bed of black earth, over a distance 
of many miles, shows that the 
change from dry land to the state 
of a freshwater lake or estuary, was 
not accompanied by any violent de 
nudation, or rush of water, since 
the loose black earth, together with 
the trees which lay prostrate on its 
surface, must inevitably have been 
swept away had any such violent 
catastrophe taken place 

The forest of the dirt bed was 
neither the first nor the last which 
grew in this region Besides the 
lower bed containing upright Cy 
cadtse, just mentioned, another has 
sometimes bien found above it, 
which implies oscillations in the 
le^el of the same ground, and its 
alternate occupation bj land and 
water moic than once 


The plants of the Purbeck beds, 
so far as our knowledge extends at 
present, consist chiefly of Ferns, 
Conifers, and Cycods, without any 
Dicotyledonous Angiosperms, the 
whole being more allied to tho 
Jurassic than to the Cretaceous 
vegetation The same affinity is 
indicated by the vertebrate and m 
vertebrate animals Mr Brodie 
has found the remains of insects of 
the orders Coleoptera, Diptera, Oi 
tlioptera, Hemiptera, and Neuio 
ptera, and these orders have modern 
species, some of which now live on 
plants, while others hover over the 
surface of rivers 

Remains of Chelonia, of the 
genus riatemys, of a Crocodile 
(G(mwj)holii), and Canoid fish have 
also bcf n found in the strata 


iig diy 


Portlaivd Oolite and Sand —Tho Poitland Oolite has already 
been mentioned as foiming, in Doisetshire, the foundation on winch 
the frtbhwulci limestone of the 
Lower Puibeck reposes An in 
terval of time and some change 
in the physical geography of the 
area occurred after the deposition 
of the Portland stone, for it was 
upheaved and worn and depressed 
before the Purbecks were deposited 
upon it The well known building 
stone of which St Paul’s and so 
many of the principal edifices of 
London are consti ucted is Portland 
flee stone About fifty species of 
mollusoa occur in this formation, 
among which arc some Ammonites 
of large size, such as Ammonites 
{Pensphinctes) giganteus, Sow 
A {Pensphinctes) biplex, Sow , 
also occurs The cast of a spiral 
univalve called by the quarry men 
the * Portland Screw ’ (a, fig 349), 

IS common , tlie shell ot the same 
(6) being rarely met with Also 
Trigonia gibbosa, bow (fig 3'51) 
and Cardium dissimile, Sow (fig 362) This upper member rests 
on a dense bed of sand, called the Portland sand, containing 
similar marine fossils, such as Ostrea expansa, Sow (fig 363), below 
which IS the Kimendge clay Corals are rare in this formation, 
although one species is found plentifully at Tisbury, Wiltshire, in 
the Portland sand, converted into flint or chert, the original cal 
careous matter bemg replaced by silica (fig 350) 

The Kimendge clay consists, m great pait, of a blue shale, 



Leiithium poi tlntidicwn, Sow sp , ^ 
a Cast of shell known as ‘Portland 
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sometimes becoming highly carbonaceous, and passing into a coaly 
material (Kimeridge coal) This carbonaceous matter is probably 


of animal rather than of vegetable 


Fij? 350 



Itahaa ohlon /x, M iihv 'iiitl J lIiinK 
mftg 2 dinn Convfrtotl into clierl 
from the Portland Sand, Ti^burj 


origin 

Among the fossils, amounting 
to nearly 100 species, may be 
mentioned Cardium stnatulum, 
Sow (fig 354), and Ostrea del 
t(ndm^ Sow (fig 355), the latter 


PiK 351 



Ti K/diiia gibhom bow i ii it 
size a Ihe hlngi 
Portland btone Tisbury 


Pig 352 Fig 353 



Cardnm disn'mile,%o\\ Jnat Ostunexpan^a Portland Sand 

•nze Portland “'tone 


Fig 356 



Cardium stnatulum, Sow , ^ Ostrea deltoulea Sow Exogvra nmula Pefr , f 
Kimeridge Chy, Kimeridge Cla> JnatslzeJ Kimendge Claj 

iJ, Hartwell 

found m the Kimeridge clay throughout England and the North of 
France, and also in Scotland, near Brora Many Foraminifera 
occur, and many forms of Ammonttes The Exogyra virgula, Defr 
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(fig 366), also met with in the Kimendge clay near Oxford, is so 
abundant in the Upper Oolite of parts of France, as to have caused 
the deposit to be termed ‘ marnes k virgules ’ 
Pig 367 The AptycM of Ammonites (fig 357) are also 
widely dispersed through this clay 

Middle Oolite*.— These consist of the Coral 
line Oolite— beds of limestone, in some places con 
taming many corals— above, and the thick mass of 
blue clays, known as Oxford clay, below , the base 
of the series being formed by the sandy stone 
Aptpehm known as the Eellaways rock 
Kimendge Clay COfal Bag — One of the limestones of the Middle 

Oolite has been called the ‘ Coral Bag,’ because it 
consists, in part, of beds of fossil corals, some of them retaining 
the position in which they grew at the bottom of the sea In their 
forms they frequently resemble the reef building corals of the Pacific 

Fig 368 Fig 369 





ThKOimiliaannularit anil Thamnattraa arachnoidei,'Pm)s. 

J Haime Coral Rag, Steeple Ashton sp Coral Rag, Steeple Ashton 


Pig 361 



Nfrinoia Ooodhalhi.ho'fi 
Inat eize Coral Rag, Weymouth 


The number of species is small They belong chiefly to the genera 
Thec«m%lia (fig 368), Protosens, and ThamnasWcea (fig 359), and 
sometimes form masses of coral fifteen feet thick Echmodermata 
are numerous, 0%d(ms flohgemma, Phil , with ^ species of Pygimti, 
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Pygast&r, Mid Semcidans, being characteristic These coralline 
strata extend through the calcareous hills of the north west of Berk 
shire and north of Wilts, and again recur in Yorkshire, near Scar- 
borough The Ostr&a gregana, Sow (hg 360), is very characteristic of 
the formation in England and 

on the Continent Fiff 362 p,g 3^3 

One of the limestones of the 
Jura, referred to the age of the 
English coral rag, has been 
Called ' Nermsean limestone ’ 

(Oalcaire d N^rin^es) , Nertfum 
being an extinct genus of uni 
valve shells (fig 361), much 
resembling Centhtum in ex 
ternal form and common in the 
Jurassic rocks The annexed 
section shows the curious and 
continuous ridges on the colu 
mella and whorls 

Oxford Clay —The coralline 
limestone, or ‘ coral rag,’ above 


Pig 304 


Belemmtei 
ha^atu$,'S[9in , ^ 
Oxford Clvy 



Aiftnmitet{Cotmoeera») Ja»on,'RdntxitQ (Syn A Eliza 
htiha, Pratt ) Oxford Clay, Ghristian Malfor^ Wiltshire 


Btlemmtei Puzomnut, 
DOrb, J 

Oxford Clav Christian 
Malford 

a Section of the shell 
projecting from the 
phragaiacone 
h-e External covering to 
the ink beg and phrag- 
macone 

c, d Osselet or guard, or 
that portion commonly 
called the belemnite 
e Conical chambered body 
called the phragma 
cone 

f Position of ink bag 
beneath the shelly co 
vering 


described, and the accompanying sandy beds, called ‘ Calcareous gnts,’ 
of the Middle Oolite, rest on a thick bed of clay, called the ‘ Oxford 
clay,’ sometimes not less than 600 feet thick In this there are no 
corals, but great abundance of Cephalopoda belonging to the Ammo- 
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nites and Belemnitea In some of the finely laminated clays, Ammo 
nites are very perfectly preserved, although somewhat compressed, 
and they are frequently found with the lateral lobe extended on each 
Bide of the aperture into a hoin like projection (bee fig 364 ) In 
the same clays the soft paits of the Belemnito, including the ink bag, 
are also found (fig 363) 

Remains of the Reptilian genera Ichthyosaurus, Plmaurus, 
Plesiosaurus, Megalosaurus, and Bhampkorhynchus, are found in the 
Oxford clay 

Kellaways Rock —The arenaceous limestone which passes under 
this name is generally grouped as a member of the Oxford clay, in 
which it forms, in the south west of England, lenticular masses, 8 or 
10 feet thick, containing at Kellaways, m Wiltshire, numerous casts 
of Ammonites, and other shells But in Yorkshire this calcareo 
arenaceous foimation thickens to about 30 feet, and constitutes the 
lower part of the Middle Oolite, extending inland from Scarborough 
in a southerly direction 

The Lower Oolites consist in the boutli of England, of a 
Bomewliat variable seriesof deposits which generallj retain the names 
given to them by William Smith In Yorkshire, howcvei, they are 
represented b; a thick senes of sands and clays, with some thin beds 
of coal, the whole being evidently of estuarine origin, and yielding 
many interesting remains of land plants 

Cornbrash and Forest Maiblc —The uppei division of this scries, 
which IS more extensive than the preceding or Middle Oolite, is 
called m England the Cornbrash, as being a brashy, easily broken 
rock, good for corn land It consists of sandy limestone and clay, 
which pass downwards into the I’orest marble, an argillaceous lime 
stone abounding in mai me fossils Biachiopods are very abundant 
and the Echinoidea, Fchinobrmm cluniculans, Llhwyd, F orbi 
cularis, Phil sp , and Holectypus depressus, Lam sp , and also the 
bivalve Avicula cchinata, Sow , are common In some places, as at 
Bradford, near Bath, this limestone is replaced by a mass of clay 
The sandstones of the Porest marble of Wiltshire are often ripple 
marked and filled with fragments of broken shells and pieces of 
driftwood, having evidently been formed on a coast In the same 
stone the claws of crabs, fragments of Echini, and other signs of a 
neighbouring beach, are still observed 

Great {or Bath) Oolifc — Although the name of ‘coral rag’ has 
been appropriated, as we have seen, to the highest member of the 
Middle Oolite before described, some portions of the Lower Oolite 
are equally entitled in many places to be called coralline limestones 
Thus the Great Oolite near Bath contains various corals, among which 
Calamophyllm radiata, Lam (fig 366), is very conspicuous, single 
individuals forming masses several feet in diameter, and having 
probably occupied much time m growing, like the large existing 
Brain coral {Meandnna) of the tropics 

Different species of Crinoids, or stone lilies, are also common m 
the same rocks with the corals, and, like them, must have lived on 
a firm bottom, where their base of attachment remained undisturbed, 
for years (c, fig 366) Such fossils, therefore, are almost confined 
to the limestones , but an exception occurs at Bradford, near Bath, 
in the Forest marble series, where they are enveloped in clay some 
times sixty feet thick In this case, however, it appears that the solid 
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upper surface of the ‘ Great Oolite ’ had supported, for a tune, a 
thick submarine forest of these beautiful crmoids, until the clear 
and still water was in\aded by a current charged with mud, which 
threw down the ‘ stone lilies,’ and broke most of their stems short off 


Fig 365 



CaUmopfiulha radiata, Laraourou'c 
/I 'lootum trinsvc rsc to the t\il)e<? 

Ii \ (rtaal xcction "liowing ilu raJntion of tin tubes 
c 1 ortum 01 luttrior of tubt s magniflul, showing striated surf wi 

near the point of attachment The stumps still remain in their 
original position , but the numerous ossicles, once composing the 
stem, arms, and body of the encrinite, were scattered at random 
through the argillaceous deposit, in which some now lit prostiate 
These appearances arc represented in the section b, fig Sb6, where 


Fig 166 



i1;nocnHt/es / olundiis, Mill , or Pear h iicrmite tosbil at Bradford, Wilts 
a Btem ot Apiocnnite^ and one of the artu ulatioiis natural size 
b bectiou at Bradford ot Great Oolite and overlying clay, containing the fossil 
encrinitos 

c Three perfect individuals of Aptocrintles, represented as they grow on the surface 
of the Great Oolite 

d Body of the Aptoennifes totundus, Mill Half nat size 

the darker strata represent the Bradford clay The upper surface 
of the calcareous stone below is completely incrusted over with a 
continuous pavement, formed by the stony roots or attachments of 
the Crmoidea, and, besides this evidence of the length of time they 
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had lived on the spot, we find greet nnmbers of single joints, of the 
stem and body of the enonnite, covered over with SerptUcs Now 


PJir 367 



(I single plated bo<lyof Apiocrtnnt, overgrown with 'xrpuUi aiul liri/o on Nature 
size Bradford Gla\ 

6 Portion of the same magnihetl, showing the brjozoan Duutopora dtluviann, 
M Edw , covering one of tiie Serpula 


these SerpulcB could only have begun to grow after the death of 
some of the ‘ stone lilies,’ parts of whose skeletons had been strewed 
over the floor of the ocean before the irrup 
368 liiQjj of argillaceous mnd In some instances 

we find that, after the parasitic Serpuhe 
were full grown, they had become incrusted 
with a bryozoan, called Diastopora dilumana, 
M Edw (see b, fig 307), and many genera 
tions of these molluscoids had succeeded each 
other in the pure water, before the whole 
became fossil 

The calcareous portion of the Great Oolite 
Ammonites {isiefMmcerai) consists of seveial shelly limestones, one of 
nuKToc^haius^jMhioth which, called the Bath Oolite, is much cele 
Great (tolite and Oxford bratcd as a building stone In parts of 
Clay Gloucestershire, especially near Mmchm 

hampton, the Great Oolite, according to Lycett, 
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Terebratula dxgona, Sow , 
nat idze Bradford Clay 


Pig 170 



Purpwroidea nodvlata, 
Y & B Bp Young gp , 
J nat size Great Oolite, 
Minchtnbampton 


Fig 371 



CytindrUes acutut, Sow 
Syn Aetmn acutvs, nat 
size Great Oolite, 
MiuchlnbamptoD 
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‘ nluBt have been deposited in a shallow sea where strong cdrrents 
prevailed, for there are frequent changes m the mineral character of 
the deposit, and some beds exhibit false stratification In others, 
heaps of broken shells are mingled with pebbles of rocks foreign to 
the neighbourhood, and with fragments of abraded corals, dicotyle- 
donous wood, and crabs’ claws In such shallow water beds, shells 
of the genera Patella, Nerita, Rimula, and Cyhndntes are common 
(see figs 370 to 374) , while cephalopods are rare, and, instead of 


Fig 372 Fig 373 Pig 374 



Patella rugosa,Bo'f) , ^ coT/w/rt/ff, Desli , Rimula (Emargtmla) 

Great Oolite mag 2 diams Great Oolite cla/hrata Sow ,ma.g 

3 diams Great Oolite 


Ammonites and Belemnites, numerous genera of carnivorous gastro 
pods appear 

Stmesfield Slate Mammalia —Tho slate of Stonesfield was 
shown by Lonsdale to he at the baso’of the Great Oolite It is a 
slightly oolitic shelly limestone, forming large lenticular masses em 
bedded in sand , it is only six feet thick, but very nchin organic remains 
The remains of Belemnites, Tngonice, and other marine remains, 
with fragments of wood, are common, and 
376 impressions of ferns, Cyoadese, and Conifers 

Portions of insects, also, among which are 


Fig 376 


Tupaia Tana, Raff 




Elytron of 
Buprestii t 
nat size 
Stonesfield 


Right ramus of lower ]aw 
Natural size 

A recent insectivorous pla 
cental mammal, from Sumatra 


the wings of a butterfly, and the elytra or wing covers of beetles, are 
perfectly preserved (see fig 376), some of the latter approaching 
the genus Buprestis The remains, also, of many genera of rep 
tiles, such as Ichthyosaurus, Phosawus, Plesmaurus, Cetiosaurus, 
Teleosaurus, Megalosaurus, and Bfumphorhynclms, have been dis 
covered in the same limestone 

There have also been discovered no less than ten specimens of 
lower jaws of marsupial mammiferous quadrupeds, belonging to four 
different genera, for which the names of Amphitherium (figs 381, 882), 
Amphilestes,Pha^colothenum, and Stereognathus have been adopted 
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oharaoter than the Stonesfield slate Nevertheless, one of the fossil 
plants {Arcndes Stutterdit Carr), remarkable, like the Pandanaceous 
species before mentioned (fig 348), as a representative of the 
monocotyledonous class, is also common to the Stonesfield beds in 
Oxfordshire 

The Infenor Oolite of Yorkshire (800 feet) consists largely of 
shelly limestones, shales, ironstones, and sandstones, which assume 

Pig 387 



Bi oirnv Goepp Syn I hl»bop(en^ contigiui Linil ami Uutt 
Lo\\er carbonaceous strata, Inferior Oolite shales Gnsthorjie, Yorkshire 


much the aspect of a true coal held, thin seams of coal having 
actually been worked m them for more than a century A rich 
harvest of fossil ferns has been obtained from them at Gristhorpe, 
near Scarborough (fig 887) The strata contain many Cycade®, of 
which family a magnificent specimen has been described by Prof 
Williamson under the name Zamta gigas, and a fossil called 
Equmtum colunimre, Brong , which maintains an upright posi 
tion in sandstone stiatu over a wide area Shells of Esthena and 
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Tcrebralula flmb) la, Sow , Hhynchowlla tpimm,, 

t Infenor Oolite marl Scliloth, ^ 

Cotswold Hills Infenor Oolite 


iig m 


1‘holadomya fidicula, Sow , 
i natural size, 
luftnor Oolite 



Umo, collected by Bean and others from these Yorkshire coal bearing 
beds, point to the estuarine or fluviatile origin of the deposit 

At Brora, in Sutherlandshire, a coal seam probably coeval with 
the above, or at least older than the Kellaways Bock, the lowest 
manne bed of the Middle Oolitic period, was extensively mined 
iiearly a century ago It affords the thickest stri^um of pure vege 
tahk matter hitherto detected in any secondary rock in England, 
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upwards of 80,000 tons having been extracted One seam of co^ of 
good quality, 3| feet thick, has lately been worked, but it is very 
pyritous The roof bed of the coal is literally composed of marine 


Fig 391 


Fig 393 



1 leuiotomai in (iianiiMo Sow , J 
Ferruglnou'! Ool Noruunrty 
Inferior Oolite, Kugiaiul 
Under side 


1 li-iii oiomni lit 01 na/a, ( oHyntM ( Di/mstef ) 
Sow sp I tmjmi, Agftss 

Inferior Oolite Iiif Uol , Somerinetshire 
inat sire 


shells, such as Pholadomya, Tngorna, Goniomya, Pleropema, 
Cerithiim, &c 

Among the characteristic shells ol the Inferior Oolite may be 
imtmt ed Ttrebratula /iw6nn, Sow (fig dBS), RhyncJwndla <ipt.msa, 
Schloth (hg JS9), and these two genera predominate over other 
Brachiopoda PJwladomya Jidtcuh, Sow (fig 390), is found , and the 
genus Pleu)otu)mria is also a form very common in this division as 
well as 111 the Jurassic system generally It resembles TweJm m 


Ilg 191 



AmmomUt (Stephanocerat) Humph manw, Sow , ^ Inferior Oolite 


form, but is marked by a deep cleft (n, figs 391, 392) on one side 
of the aperture The Collyntes (Dysaster) nngens, Ag (fig 393), is 
an Echinoderm common to the Infenor Oolite of England and 
France, as are the two Ammomtes (figs 394, 395) The important 
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Ammomtes are A (Parktnsoma) Parkmsom, Sow , A (Stsphano 
ceras) Humphresianus, Sow, A (Hammatoceras) Sowerbyi, Mills, 
and A {Lvdwigva) Murchisonia:, Sow 

Fip 305 Pipr 




AmmmittesCitephanocertu) Hratkenmhju 
Sow J Oolite, Scarborough 
Inferior Oolite, Dundr\ Calvados, U 


Ostrp/t Miv thn, Sow A n it 
Middle and Lower Oolite 


The Upper Lias. -The lowei portion of the Jurassic system is 
known as the Lias, and it consists of three duisions The Upper 
Lias consists of datk blue clajs, containmK some septaria, and 
passes upwards into beds of sand, and downwaids into hardei 
nodular bands, which sometimes contain the remains of hsh and 
insects The blue cla}s are sometimes highly pyritous, and in York 


lig 197 



Ammonxlei {/Iilthjcerax) hxfronx Brug 4 Walcutii, Sow , ] 
Uldier Lias shalth 


bhire were formerly used for the manufacture of alum , they also 
contain masses of wood converted into jet The most common 
fossils of the Upper Lias are Ammonites (Stephanoceras) cunirminu, 
Sow , Am (Harpoceras) hfrons, Brug (hg 397), Am (llarpocerai) 
serpmhnus, Rem , Am (Phylloceras) hterqphyllui, Bow , and Leda 

^**The°Mlddle Lias consists of a ferruginous limestone full of 
shells, known as the Marlstone rock bed , this rock sometimes passes 
into an ironstone The valuable iron ores of Cleveland, in the North 
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of Yorkshire, are of this age, and consist of oolitic limestones which 
have been more or less completely converted into masses of ferrous 
carbonate Fossils are very abundant in the Middle Lias, amongst 
the most characteristic being Ammonites (Amaltheus) spinatust 
Drug , Am (Amaltheus) margantatus, Montf (fig 398), Am 
(^goceras) Henleyi, Sow , 

Am (JSgoceras) capncomts, Fig 399 

Schloth, with Pecten cegui 
valvts, Sow , and Rhynchonella 
tetrahedra, Sow Among the 
most beautiful of the fossils 
of this division we may in 
stance the fine Ophiund (Brittle 
Starfish) Palceocoma tenui- 
brachiata, B Forbes (fag 
399) 

Fig 398 



Ammonitfi {Amaltheus) mntgantn 
tus Montf Syn 4 Stokew Sow 
A ( IneUimhtui, Y mil B Miilillt 
r n« { 



PalKoeotm {Ophimlenm) Unuihraihatti 
I* Forbes 

Mnldle Lias Si utown, Dorsi t 


The Lower Lias consists m its upper part of thick beds of 
shale, and m its lower of numerous alteinations of shale and shelly 
limestone, the latter being replaced at the base of the series by com 
pact argillaceous limestones, which are largely employed in the 
manufactuie of hydraulic cements In North Lincolnshire, at 
Scunthorpe and Froddingham, the shelly limestones of the Lower 
Lias are found to be converted into ferrous carbonate, which is 
worked as an iron ore 

In all the divisions of the Lias and Oolite we are able to recognise 
the existence of a succession of Zones, each of which is distinguished 
by a characteiistic assemblage of fossils These zones, although so 
clearly recognisable by their fossil contents, appear usually to pass 
insensiblj into one another, and are not necessarily distinguished by 
any changes in the mineral characters of the strata The zones are 
named after one of the most striking ol the fossils which it contains, 
and in the case of the Mesozoic rockij, species ot Ammonites are 
usually selected for the purpose In the Lower Lias the succession 
of zones is especially distinct and well marked 

The commonest Ammonites of the Lower Lias are Amaltheus 
oxynotus, Quenat , Anetites obtusus, Sow , A Turnen, Sow A 
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Ammonttft (Arktitet) BueHandi, Sow 
(A hudratvs, Brug) | diameter 
of onginal 

Side view b Front view, showing month 
and bisulcated keel Charactenatic of the 
Lower Lias of England and the Continent 
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Am {J' gocerai ) plannrbii, Sow 
i diameter of original 
From the base of the I ower Lias 
of England and thi Continent 
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Naviiln tfuncalui, Sow 
Lias Juat size 


Pig 404 


Fig 40S 


Oryphcfa ineurm, Sow (Q 
nrcmta,ljaa) ^ Lias 


Hippopodium pondei oiutn Sow, 
i oikmeter Lias, Cheltentiam 


Pig 40S 
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BuckJandt, Bow (fig 400), with ^goceras angulatw. Sow , and M 
planorbu, Sow (fig 401) Belemnites of many apeoies abonnd, and 
examplee of the persistent type Nautilus are not rare (fig 402) 
Among other very common fossils of the Lower Lias are Qryphm 
arcmta, Lam (G tncurva, Sow ) (fig 403), Lima gigantea, Sow (fig 
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Aviculn integutvaMs, Sow , Avieuta eygntpes, Phil , J Lower Lias, Glouceatersblrt 
it Lower Lias and Yorkshire 


Pig 408 



Extraerinui (Pentacnnus) Briarnts, 
Mill , i natural size 
(Boi^, arms and part of stem ) 
Lower Lias, Lyme Hegis 


a Lower valve b Upper valve 


Fig 409 



Spirifenna Wakoltt, Sow , i 
r ower Lias 


Fig 410 



Leptam Mooiei Dav 
Upper Lias, Ilniiu^tei 


406), Avicula inaguivalus, Sow (fig 406), and A cygnipes, Phil 
(fig i0'J),IIippopoaiump(mdeTOsum,So'ff (fig 404), with iSpin/mwa 
WalcotUt Sow (fig 409), and the minute Leptana Moorei, Dav 
(fig 410) 

The ossicles of the beautiful crmoid Pentacnnus, of which a very 


perfect example is represented above, also abound in the Lower Lias 



Jlyhodui phwtilit, Ar 
Teeth Bouc-bed 
Aufct and Axmouth 


Snurtrhthyi aptmlu, A^, 
Tooth imturul bUt uud 
magniflciL A\mouth 


(lyrolfjiU (enHUt)uVm 
Ag Scale iiat 
buc and inafjiiihed 
Axmouth 


These strata, ^vhich are of insignificant thickness and are known by 
the names of the Zone ol Aviculacontorta^ Portl , the Infra Lias, and the 
Penarth beds, are of great interest as representing what in the Alpine 
district constitutes a great formation, several thousands of feet in 
thiokness, known as the Eha tic system, which appears to completely 
bridge over the interval between the Jurassic and Triassic systems 
In England, Germany, and North America, teeth of a minute 
mammal, nearly the oldest as yet known, have been found The 
British and German form is known as Microlestcs (fig 417), and the 
Amencan as Dromathemim 

Freshwater and terrestrial deposits of Jurassic age are found in 
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this country represented by the Purbecks of the South of England, 
the sandstones and shales with thin beds of coal of Lower Oolite age 
of Yorkshire, and various estuarine and freshwater beds which 


rig 417 



Pluninger Molar tooth migiiihoJ Rhaetu 
Dicgtrlocii, ucar Stuttgart, Wilrtemberg 
\ ipw of imior side ? b Same outer >11(16 i 

I Same m prohle d Crown of same 

alternate with marine strata, from the Lias to the Upper Oolite 
inclusive, on the east coast of Sutheiland Similar strata attain 
a great thickness on the west coast of Scotland and the Inner 
Hebrides Even in the English Lias, at the base of the Upper 
and Lower divisions respectively, we find beds crowded with 
the remains of insects, small crustaceans, and fash— with occasional 
marine biackish water and even freshwater shells— which have pio 


Pig 41S 



Wing of a ncuioptcroud insect from 
tlic Lower Lias (rlouttstershire 
(Rev r B Jirodie) 

The line below the figure mdicitca tht length of the objett 


bably been formed in shallow water lagoons close to the land The 
exquisite preservation of some of the insect remains discovered and 
described by the Lev P B Brodie is illustrated by the accompanying 
figure 


Tlu classification of the Jurassic 
strata of this country was esta 
blishcd on a sound basis by William 
Smith in 1815 The labouis of 
Marcou in France, of Oppcl and 
Quenstedt in Germany, and of I)r 
Wright in this country, have shown 
how widespread and distinctive art 
the various zones in this system of 
stratified rocks The J urassic rocks 
of Yorkshiit have been described 
in the ‘Geology of Yorkshire of 
the late Professor John Phillips, and 


those of the South of England in 
the ‘Geology of Oxford' of the 
same author The correlation of 
the noi thorn and southern types of 
Jurassic rocks in this country has 
been discussed m the Geologual 
Suuey Memoir on Rutland G875) 
More recently, the Geological bur 
vey has published a senes of 
Memoirs dealing with the same 
subject, entitled ‘The Jurassic 
Rocksof Britam.’byC Fox Strang 
ways and H B Woodward 
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CHAPTER XVIII 

THE TRIASSIC SYSTEM 

Subdivisions of the Trias m England — Corals, Echinoderraata, Brachiopoda, 
Lanidlibranchiata, Gastropoda, and Cephalopoda of the Trias— Fish, 
Amphibians, and Reptiles— Terrestrial Flora of the Tnas— Tnassic 
Mammalia— The Keuper and its Reptilia— The Dolomitic Conglomerate 
—Elgin Sandstones— The Banter Formation of Red Sandstones and 
Clays— Rock salt, Gypsum, &c 

Vomenelatura and Clasalflcatlon of the Trlasslo Strata. 

The name of Tnas was first given to this great division of the 
Geological Sones by the Germans, from the circumstance that, 
in Central Europe, the system consists of three members The 
uppermost of these is called the Keuper (from the name given 
in Coburg to a kind of particoloured cloth), the middle is known 
as the Muschelkalk (shelly limestone), while the lowest receives 
the name of Bun ter (variegated) The term ‘ Trias ’ is now almost 
universally employed for the strata of this age, though the 
French sometimes apply to it the name of ' Saliferous,’ owing 
to its contammg important deposits of rock salt In the 
British Islands, the Triaasic strata bear so close a general re- 
semblance to those of Permian age, which underlie them, that 
the older writers grouped these two formations together as 
‘ New Red Sandstone,’ the name being given in recognition of 
the fact that the coal bearing strata are underlain by red and 
variegated beds of Devonian age {Old Red Sandstone) and over 
lam by others of Permian and Tnassic age {New Red Sandstone) 
Conybeare and De la Beohe proposed to designate the whole of 
the New Red Sandstone as Poiblitic, on account of the vane 
gated tints of its strata 

In Britam and the greater part of France tlie middle division 
of the Tnas— the Muschelkalk— is absent, and the system consists 
only of two members, the Bunter (or Gr^s bigarr^ of French 
authors) and the Keuper (or Mames ins^es of the French) 

The general order of succession in the Tnas of Bntam and 
the comparison of its subdivisions with eqmvalent strata on 
the oontment of Europe are shown m the following table 
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NOMENCLATURE OF TRIAS 

German French English 

/Red and grey sail 
ferous and gyp 
seous shales and 

Keuper Marnes iris^es sandstone, with 

rock salt 

Dolomitic conglo 
\ merate 

Muschtlkalk (Muschelkalk, ou cal Wantmg m Eng 
I caire coquillier i land 

Red sandstone and 
pebble beds and 

Buiiter Sandstein Gres bigarre qiiart/ose con 

glomerate Soft 
red sandstones 

Cbaraoterlstlos of the Trlasslo Fauna and Flora —In 

Britain and Central Europe generally, the marine fauna of the 
Trias IS almost entirely imrepresented The strata of that area 
appear to have been deposited for the most part m great salt 
water lakes like the Caspian, and the MoUusca, when preserved, 
are few and often dwarfed Even in the Muschelkalk, which 
contains great numbers of individuals, the variety of forms re 
presented is not very great It is necessary to go to the Alpine 
Trias of the South of Europe m order to form an idea of the 
rich and varied character of the manne fauna and to study the 
curious relations which it has with that of the Jurassic on the 
one hand, and that of the Permian and Carboniferous on the 
other hand 

Corals are very abundant m some of the strata of the Alpine 
Trias, and by some authors the formation of the great calcareous 
masses— which are now converted into dolomite, and form such 
conspicuous mountains m the Tyrol— is believed to be due to the 
action of reef building corals of the period The Echmoderms 
resemble those of the other MesoT’oic rocks, the genus Encrmus 
being very well represented (fag 419) Star fish of Mesozoic 
types also occur (fig 420) The Echini are of Mesozoic types, 
but are all regular forms , the irregular forms, so abundant m 
the Jurassic and Cretaceous, appear not to have made their 
appearance in Triassic times 

The Brachiopods are very abundant, but do not show in 
Tnassic tmies that predominance over the Lamelhbranchiata 
which IS so distinctive of Palieozoio faunas Some of the genera 
are related to those of the Palaeozoic, others to those of the 
Mesozoic, while a few, like Koninckia (fig 421), are confined to 
the Trias 
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Among the very varied Lamellibranchiate fauna certain 
genera are ver^ conspicuous, such as Oervilha (fig 422), 
Myophona (the precursors of the Jurassic and Cretaceous 
Trigoma), Halohia, Daonclla, Megalodon, &c 

Fig 419 



1 If, 4JO 



hnertnut hJiifoi mi\ be hloth , 
Bodv, arms and psrt of stem 
0 Section of stem MusclicUtdlk 


i puluia loritatd, Ag 
a Upiier «iiU b lower side 
MusUielkalk 


lig 421 





Koninckta Lmihatdt, Wissmaiiu 

a Ventral view Part of ventral valve removed to show the vascular im 
pressions of dorsal valve 

b Interior of dorsal valve show ing spiral processes restored 

c Vertical section of both valves Part sliadod black showing place occu 
pied bv the animal, and the dorsal valve following the curve of the 
ventraL 

Gastropoda are very abundant m the Tnas, and among them 
also we find an admixture of PalsBozoic t 3 fpes, like Murchuoma^ 
ScoUoitoma (fig 428), and Loxonema, with Jurassic forms, such 
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as Cerithium, Emarginula^ &c A few genera, like Platystoma 
(fig 424), are peculiar to the Trias 


Pig 422 



(iiivtlhfi (Attciiln) wcialis 'icoltosioma, bt Caspian 

schloth iiat ai/p J-ouinl 
in till' Muschelkalk ami 
Kpiiprr 


Pig 424 



/ latystnmti SuisM, 
Hornes 

From Hallstadt 


The Cephalopoda of the Trias are particularly interesting 
The persistent genus Nautilus is well represented, and we find 
with it the last repre 
sentatives of the Pa 
hcozoic Orthoceras 
The most important 
representative of the 
Animonoidea in the 
Trias is the charac 
teiistic Ceratifes (hg 
425), but many re- 
markable genera of 
true Ammonites also wo(io.<(«,Schloth J Muachtlkalk Geiminy 

occur Among the Snltamlfroutviews •'^lowing thepeculHrloimsof 
, , , the seiit'i diviilmg the chambers 

Ammonites ot the 

Trias some exhibit curiousl;v foliated septa (see hg 426, d, e,/). 


tig 42^ 






tub e fntchyci ras Aon, MUnst An Ammonite with rery simply foliated sutures 
d, If Armtei muUilobatus, Brown An Ammonite exhibiting sutures with very 
complicated foliations 
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while others in the simphoily of the iblietion of the intures 
approach the Geratites (see fig 426, a, 6, c) Many of the Am 
monoidea are peculiar to the Trias, but others lived on into the 
Jurassic and Cretaceous In Atractites and Aulacoceras (fig 
427) we have interesting forerunners of the great group of the 
Belemnites 

Fig 427 



A vJncocfras tulculum Hau , | nat 
a Bxteriorof shell h Longitudinal section 
showing septa, c Cross section The 
siphuncle, which is very thin, heson the 
edge of the septa 


Fig 42a 


Tooth of lahyt lu/hodon 
nat size Warwick 
sandstone 


Pig 428 



Transverse section of upper part of tooth of labyrinthodon Jaegefi, Ow (Mattodon 
mums Jargen, Meyer) , natural size, and a segment magnified 
a Pulp cavit}, from which the processes of pulp and dentine radiate 

The Fish of the Tnas mclude both Ganoids and Selachians 
Among the former we find a great number with heterocercal 
tMls like those of Falssozoio times mingled with others with 
homooercal tails like those of the Jurassic The remarkable 
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Dipnoid genus Ceratodus, which is still living in Queensland, is 
represented m the Trias , and we also find the first representa 
tives of the Teleostei or bony fishes of our modern seas 

Fig 430 



Pig 431 



Lqiitselum ai fmceum, Schlmp Frag 
ment of stem, and a small portion 
of same magnified Kenper 


Fig 432 



a Volttia hrteropWla Brong 
h Portion of same magm/iid to 
sliow fructification bulzbad 
Bunter^Saudstciii 


I^nnoiaurvi liaUami Curioni Skeleton 

L nat size From the Muschelkalk, 
ike Como, Italy 

Amphibians were very abundant in the Trias, and are re 
ferred to the group of the Stegocephala or Labyrmthodontia 
(figs 428,429) 

With these remarkable amphibians we find representatives 
of marme reptiles like Lar%08(mru9 (fig 480), which appear to 
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ha\e been the precursors of the gigantic Enaliosauria (Ich 
thyosanria and Plesiosauria), so abundant m tlie Jurassic 
period 

The Terrestiial 601 a of the Trias consists of Conifers and 
C>cads, the former being rejiresentod b^ Volizia (fig 4d2), 
Alberha, Ac , and the latter by Ptcro 2 )hylIum, Zanntcs, Pseu- 
dozamites, Podozamiies, Otozaniitca^ Ac Ferns arc abundant, 
and a true Eqmseium is also found (fig 4^1) 

Land Reptiles are represented b> numerous forms in the Trias 
Many of these belonged to the Rlnnchoceplmha Crocodiles 
and Dinosaurs are found in the Tiias, but no true I’tcrosauria, 
Lacertilia, Ophidiaiib, or Cheloiiians Man} of the Reptilia of 


Fik 4 b 



iMg 

0 

tSi 


Palatal teeth of Plaeodingiga\ 
Ag Alusohclkalk 


the Trias (Theriomorpha) 
curiously simulate the 
Mammalia in the forms 


TrUyUxhm Praam lulckker Lpptr true molar 
tooth Tin twocnitral fignre‘^of tilt natiiral 
sizt the otlitrs enlarged ( x 3) 

0 allows the tncoiKKlont ehariictirof tht i rown 
ot tin teeth, Mthc lungs « , /i 1 itt nil, i into 
nor, (I posterior suifatis 

hrom the Upper Inus of Strisburg 


of their skulls, the position of their eyes, the difierentiation of 
their teeth, and other characters To this remarkable group 
of Reptiles are referred not only the Dtcynodon and many 
other forms with large teeth, like canines, but also the Placodus, 
with its flat palatal crushing teeth, which was formerly 
regarded as a fish 

Birds were unknown in the Trias, but mammals are repre 
sented by the Tritylodon (see fig 4d5) from South Africa and 
some similar lowly forms (Prototheria or Allotheria), which have 
been found in the highest portion of the Trias and in the over- 
lying Rhastic 

The remarkable ‘ triconodont * teeth which characterised 
these oldest known mammals are illustrated m fig 484 
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Professor Seeley regards Tntylodon as possibly being not a 
true mammal but a synthetic type intermediate between the 

Fig 435 




Tit/yl(xi<iii longieius Owtn ‘skull with one Hile restored i nat sirt 
a 1 al It il vit w of skull showing molars and brokiii (anlne^ 
h Ufnwr surface of skull 

hrouithe Frias of Hisutolaiid South Africa 

mammal like itptiles (Theriodontia) and the lowest Mammalia 
(Allotlurii) 

Britlsli Representatives of tlie Trlassic System - The 

British Tnassic stiata consist of a succession of variegattd sands 
and clays containing very few fossils, which it is often dilhcult to 
separate from the underlying Peimian strata 

The Xeuper —This upper division is of great thickness in 
Lancashire and Cheshire, attaining 3,450 feet in the last mentioned 
county, and it covers a laige extent of country between Lancashire 
and Devonshire, but it thins out rapidly to less than 
half its thickness in Staffordshne 

It consists of New Red Marl at the top, with red 
and grey sliales and marls rock salt and gypsum 
being important minerals in it , and it lests on thinly 
laminated micaceous sandstones and waterstones, 
with a base of ealeaieous conglomerate or bieccia 
In Worecsteishiie and Warwickshire, in sand 
stone belonging to the upptimost part of the Kenper, 
the bivalve crustacean bstlu’na wimuto, Alberti sp , 
occurs The member of the English ‘ New Red ’ containing this 
shell, m tliosp parts of England, is, according to Sir Rodeiick Mur 
chison and Mr Strickland, 600 feet thick, and consists chiefly of red 
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marl or shale, with a band of sandstone Spines of Hybodus, and 
teeth of other fishes, and footprints of reptiles were observed by the 
same geologists in these strata 

The remains of four saunans have been found One called 
Rhynchosaurus occurred at Grmsell, near Shrewsbury, and is 
characterised by having a small bird like skull and jaws without 
Fig 437 




ffyperodap^don Oordom, Huxle\ Left palate, maxiUarv 
(Showing the two rows of palatal teeth on opposite sides of the jaw ) 
a Under surface b Exterior right snle 

teeth, but with a beak The other three, Telerpeton, Hyperodapedon 
(fig 437), and the crocodilian reptile StagoTwUpis, were brought to 
light near Elgin, in strata formerly supposed to belong to the Old 
Red Sandstone, but now recognised as Upper Triassic The Hypero 
dapedon was afterwards discovered in beds of about the same age, 
in the neighbourhood of Warwick, and also in South Devon, and 
remains of the same genus have been found in Central India and 
Southern Africa, in rocks believed to be of Triassic ago 

There has been discovered more recently, near Elgin, an almost 
complete skeleton of Hyperodapedon, which has been described by 
the late Professor Huxley, and the study of this remarkable specimen 
has brought out very clearly the points of resemblance of these 
Old Triassic reptiles to the living New Zealand lizard, Sphmodon 
{Hattena), the sole survivor at the present day of the great order 
Rhynchocephalia, which is also represented in the Permian strata 
of Central Europe The remarkable skull with beaks, and the denti 
tion, of Hypero^pedon are represented on the opposite page 

The discoveiy of a living reptile in New Zealand so closely 
allied to this supposed extinct division of the Keptilia seems to 
afford an illustration of a principle pointed out by Mr Darwin of 
the survival in insulated tracts, after many changes in physical 
geography, of orders, of which the congeners have become extinct on 
continents where they have been exposed to the severer competition 
of a larger and progressive fauna 

Still more recently, Mr E T Newton has described some other 
forms of remarkable reptiles to which he has given the names of 
Gordmta, Elginta, &o These are allied to the Dicynodontia and 
o^ei Triassic reptiles of South Africa 
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Doloimtte Conglomerate of Bnstol — Near Bristol, and oti the 
flanks of the Mendipa, m Somersetshire, and m other oodaties 
bordering the Severn, the lowest strata belonging to the Tnas 
consist of a conglomerate or breccia, resting unconformably upon the 
Old Red Sandstone and on different members of the Carboniferous 




llyperodapi don OorJont Huxley Skull ana lower jaw nat size) 

^om Trmssic Sandstone, Lossiemouth, near Llgin 
A Upper surface of skull showing 0 the orbits, S the supratemporal fossa, 
S' the lateral temporal fossa, N the anterior nares, and Pmx the pre- 
maxiUar} 

£ Palate with teeth PI and maxillary bones Mx 
C Under side of front of lower jaw, with mandibles Md 
The peculiar dentition of the Rhynchosauria is well exhibited in this specimen, 
the rows of cdosely set conical palatal teeth actiiii, against one another, as the 
jaw works backw arils and forwards 


rocks, such as the Coal Measures, Millstone Grit, and Mountain 
Limestone This mode of superposition will be understood by 
reference to the section of Dundry Hill (fig 114, p 134), where No 4 
IS the dolomitic conglomerate Such breccias may have been partly 
the result of the subatJrial waste of an old land surface which 
gradually sank down and suffered littoral denudation in proportion 
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as it became submerged The pebbles and fragments of older rocks 
which constitute the conglomerate are cemented together by a red or 
yellow base of dolomite, and in some places the Encnnites, Corals, 
Brachiopoda, and other fossils derived from the Mountain Lime 
stone are so detached from the parent rocks that they have the 
deceptive appearance of belonging to a fauna contemporaneous with 
the dolomitic beds in which they occur Layers of Keuper are 
noticed between masses of the breccia The embedded fragments are 
both rounded and angular, some consisting of Carboniferous lime 
stone and Millstone grit being of vast size, and many weighing 
nearly a ton Fractured bones and teeth of saurians which ^re 
probably of contemporaneous age have been found 
® in the lower part of the breccia, and two of these, 

1^ called Thecodontosaurus (from the manner in 

which the teeth were implanted in the jawbone) 
V and Pakposaurus, obtained great celebrity because 

m| b the patches of red conglomerate in which they 

Ml II were found at Durdham Do^^n, near Bristol, were 

P originally supposed to be of Permian or Pain ozoic 

age, and they were, therefore, considered the 
onl) representatives in England of vertebrate 
Tooth of neeodonio animals of so high a type m rocks of such 
muru^ 3 times antiquity The teeth of T/iecodoniosaurus are 
Ruf*”au(i stutd/ compressed, and with finely serrated 

bury liXmiticcon (see fig 43H) , both Thecodmitosaurm and 

glomerate Duni PakBOsaurus Were referred by Professor Huxley 
ham Down, near to the Dinosauna 

° The basement beds of the Keuper rest, with a 

slight unconformability, upon an eroded surface of the * Bun ter,’ next 
to be desenbed In these basement beds Professor W C Williamson 
has described the footprints of a labyrmthodont which has been called 
‘ CheirotJienum ’ similar to those presently to be mentioned in the 
Bunter beds, this Keuper form, however, is peculiar in exhibiting 
a scaly surface 

iKiwer Trias, or Bunter. — The lower duision or English 
representative of the ‘ Bunter ’ attains, according to Sir A llamsay, 
a thickness of 1,600 feet in the Midland counties Besides red 
and green shales and red sandstones, it comprises much soft white 
quart/ose sandstone, in which the trunks oi sihcificd trees have been 
met with at Allesley Hill, near Coventry Several of them were a 
foot and a half in diameter, and some yards in length, the wood 
being coniferous and showing rings of annual growth Impressions, 
also, of the footsteps of animals have been detected in Lancashire 
and Cheshire in this formation Some of the most remarkable occur 
a few miles from Liverpool, in the whitish quart/ose sandstone of 
Storton Hill, on the Cheshire side of the Mersey They bear a close 
resemblance to tracks first ob8er\ ed in this member of the Ujjper 
New Red Sandstone, at the village of Hesseberg, near Hildburghausen, 
in Saxony For many years these footprints have been reftried to a 
large unknown quadruped, provisionally named Omrothenum by 
Professor Kaup, because the marks both of the fore and hind feet 
resembled impressions made by a human hand (see figs 440, 441) 

The footmarks at Hesseberg are partly concave and partly in relief , 
the former, or the depressions, aie seen upon the upper surface of the 
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sandstone slabs, but those in relief are only upon the lower surfaces 
being in fact natural casts, formed m the subjacent footprints as in 
moulds The larger impressions, which 
seem to be those of the hind foot, are Fig 440 

generally 8 inches in length and 5 in 
width, and one was 12 inches long 
Near each large footstep, and at a 
regular distance (about an inch and a 
half) before it, a smaller print of a fore 
foot 4 inches long and i inches wide, 
occurs The footsteps follow each other 
in pairs, each pair in the same line, at 
intervals of 11 inches from pair to pair 
The large as well as the small steps 
show the great toes alternately on the 
right and left side , each step makes the 
print of five toes, the farst or great toe h,nKltfooMe,H,f ( horoih^num 
being bent inwards like a thumb Though BunU r 'iiiinlstun b.i\or)v 

the fore and hind foot differ so much m One-eighth of natural sue 

size, they are nearly similar in torm 

As neither in Germany noi in England had any bones or teeth 
been met with, m the same identical strata as the footsteps, 
anatomists indulged for several years in various conjectures respecting 
the mysterious animals from which they might have been derived 
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I me of footsteps on slab of sandstont llihlhurghauscn m ‘•axon> 


But M Link conceived that some of the four species of animals of 
which the tracks have been found in Saxony might have been 
gigantic Batrathiam , and when it was afterwards inferred that the 
Labynnthodon was an Amphibian, it was suggested by Professor 
Owen that it might be one and the same as the Churothenum 


Orlg-ln of Ked Sandstone 
and Kook Salt.— In Cheshire 
and Lancashire there are red clays 
of the age of the Trias containing 
gypsum and salt through a thickness 
of from 1,000 to 1,600 feet thick 
In somt places, lenticulai masses of 
jjiire lock salt nearly 100 feet thick 
are inteipolatcd between the argil 
lac ecus beds At the base of the 
formation beneath the lock salt 
occur the Lower Sandstones and 
Marl, called provincially in Cheshire 
‘ water stones,' which are largely 
quarried for building They are 
often ripple marked, and are im 
pressed with numerous footprints 
of reptiles 


As in various parts of the world 
rod and mottled clays and sand 
stones, of several distinct geo 
logical epochs, are found associated 
with salt, gypsum, and magnesian 
limestone, or with one or all of 
these substances, there is, in all 
likelihood, a general cuise for such 
a coincidence Nevertheless we 
must not forget that there aie dense 
masses of red and vai legated sand 
stones and clays, thousands of feet 
in thickness, and of vast horizontal 
extent, wholly devoid of saliferous 
or gypseous matter There are 
also deposits of gypsum and of 
common salt, as in the blue clay 
formation of Sicily, without any 
Y 
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accompanying red sandstone or red 
clay 

These red deposits may possibly 
be accounted for by the decomposi 
tion of gneiss and mica schist, which 
m the Eastern Grampians of Scot 
land has produced a mass of detritus 
of precisely the same colour as the 
New Bed Sandstone 

It 18 a general fact, and one not 
\et\ery satisfactonl) accounted for, 
that scarcely any fossil remains are 
ever preserved in stratified rocks in 
which red oxide of iron abounds, 
and when we find fossils in the New 
01 Old Red Sandstone in England, 
it 18 in the grej, and usually 
calcareous beds that they occur 
Beds of rock salt are generally 
attributed to the evaporation of 
lakes or lagoons communicating at 
intervals with the ocean Sir A 
Ramsay has remarked in regard to 
the Trias that it was probably a 
Continental Period with many 
inland lakes and seas, the Keiipcr 
marls of the British Isles having 
been deposited in a great lake, fresh 
or brackish, at the beginning, and 
afterwards rendered salt by (va 
poration ‘Were tin rainfall,’ he 
observed, ‘of the area drained by 
the Iordan to incrcasi graduallv, 
the basin of the Dead W would 
by degrees fill with water, and 
successive deposits of sediim iit 
would gradually oveilap each otJier 
on the shelv iiig slojies of the lake 
basin 111 which solid salts had 
previously been deposited There 
are examples of this kind of over 
lap in the New Red Marl of 
England, in Somerset, Gloucester, 
Hereford, and Leicester Sir A 
Ramsay suggests that the red per 
oxide of iron of the sands and clays 
may in itself be an indication of la 
custrine conditions, for each gram of 


sand and mud is encrusted with a 
thin pellicle of peroxide of iron, 
which he thinks could not have 
taken place m a wide and deep 
sea 

Major Hams, in his ‘ Highlands 
of Ethiopia,’ describes a salt lake 
called the Bahr Assal, near the 
Abyssinian frontier, which once 
formed the prolongation of theOuli 
of Tadjara, but was afterwards cut 
off from the gulf by a broad bar o 
lava ‘ Fed by no rivers, and ox 
posed in a burning climate to the 
unmitigated rays of the sun, it has 
shrunk into an elliptical basin sev en 
miles in its transverse axis, lialf 
filled with smooth water of tlu 
deepest ciorulean hue, and half 
with a solid sheet of glittcrng 
snow white salt, the offspring if 
cvaiMiration ’ ‘If,’ says Hufh 

Miller, ‘ we suppose, instead of a 
bamer of lav a, that sand bars were 
raised by the surf on a flat are 
naceoiis coast during a slow tnd 
equable sinking of the surface, the 
waters of the outer gulf might 
oeoasionally topple over the bvr, 
and supjily frisli brine when the 
first stock had been exhausted by 
evaporation ’ 

'The Riiiin of Cutch, us has 
btcn shown elscwlicic, is a low 
r< gioii nc ar the di Hi of the Indus, 
tcjual 111 c xtent to about a quarter 
of Ireland, which is neither land 
nor bta, being dry during jiart of 
every year, and covered by salt 
water during the monsoons Here 
and there its surface is encrustc d 
over with a layer of salt caused by 
the evaporation of sea water A 
subsiding movement has been 
witnessed in this country during 
earthquakes, so that a great 
thickness of pure salt might result 
from a continuation of such sinking 


For further information on the 
Triassic rocks of this country, the 
student may consult the Geological 
Survey Memoir on ‘The Triassic 
and Permian Rocks of the Midland 


Counties of England, by E Hull 
The Elgin Sandstone and its fossils 
have been discussed in memoirs by 
Murchison, Harkness, Lyell, Hux 
ley, Judd, and E T Newton 
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CHAPTER XIX 

tOREIGN DEPOSITS WHICH ARE HOMOTAXIAL WITH THE 
MESO/OIC STRATA Oi THE BRITISH ISLES 

Secondary Strata of Central Europe— Keuper, Muschclkalk, and Bunter — 
The Black, Brown, and White Jura— Planer and Quader Beds— Chalk 
of Maestneht ind Faxoe — Freshwater Strata — Wtaldtn of Hanover — 
Strata of Aix la Chapelle “Secondary Strata of the Alpine Regions — 
Hallstadt and St Cassian Beds— Alpine Jurassic, Tithonian, and 
Nrocomian — Hippurite Tamestones — Secondary Strata of Russia, 
India, and South Africa — Secondary Strata of North America — New irk 
Formation— Strata of the Eastern States and of the Westcin lern 
tones 

It is a remarkable fact that, although the base of the Triassic 
rocks in Europe is not always readily sejiarable from the Palteo 
/oic formation beneath, there is a vast paleontological break 
between them 

The Mesozoic age commenced when the hrst deposits of the 
Trias accumulated, and many hundreds of species common in 
the lower rocks ceased to exist, whilst a great marine fauna 
soon prevailed of an almost totally difierent kind from that which 
previously existed The plants of the Meso/oic age were 
foreshadowed m the Palxo/oic, and some genera persisted into 
the Trias, but the majority ceased to exist Some of the lower 
forms of invertebrate life persisted through the great change m 
the physical geography of the world which commenced at the 
close of the Carboniferous age Of the corals, not a genus or 
species lived on, and many new genera are found m the marine 
Trias Nautilus and Orthoceras lived on as genera, and Am 
viomtts, which commenced in Penman times, attained an 
enormous development A great change occurred in the Mol 
lusca and Crustacea The Labyrinthodontia persisted, and many 
genera of Ganoid fish But the number of genera of all kinds, 
animals and plants, which passed from the Palxozoit to the 
Mesozoic was small 

The marine faunas of the Mesozoic era attamed their fullest 
development in Jurassic times, and during the Cretaceous periods 
begin to show signs of decadence, and of their replacement by 
the forms of life so characteristic of the Cainozoic 

The terrestrial flora which charactenses the Mesozoic rooks 
had, however, to a great extent been replaced by the Camozoic 
flora long before the end of the Cretaceous Period 

ya 
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The oldest of the three great Mesozoic systems is much better 
represented on the Continent of Europe than it is in this country 
In the Alps we have at St Cassian in the south, and at Hallstadt 
on the north, thick masses of marine strata crowded with abun 
dant and well preserved fossils 

MESOZOIC STRATA OF CENTRAL EUROPE 

Trias of Germany - In Germany, as before noticed, the 
Trias first receued its name as a Triple Group, consisting of two 
sandstones with an intermediate marine calcareous formation, 
which last IS wanting in England 

The sue CPbSion of strata m the laiul — abounds in fossil shdls, 
great Gtrniaii Tnassic basin is — as the naint implies Among the 

Upper Trias or Keuper, with red Cephalopoda there art no Belem 
marls, plant beds, gypsum, and wfrs, and no Awimomfes with tom 

rock salt, overlying the Letten pletelv foliated sutures, as in tht 

Kohle, with VoUzta, hstkena Lias and Oolitt and the Hallstadt 

nunw fa. Alb , the Labyrinthodont beds, but the genus Verahtea 

Maatodontosawms, and the fish is present, in which the lobes of 

Ceratodua Then comes the Musch the sutures seen on the shell are 

elkalk, with lunefetonts, contain denticulated or crenulated, whilst 

ing Myophona, CeraUtes, and the ‘ saddles ' are simply rounded 

Encnnm hhtforrma, Lara, fol Among the bivalve trustacea, the 

lowed by Bunter— red and green Ealhcna mtnuta, Vlb (fig 486), 

marls and coarse sandstones— with is abundant, ranging through the 

Volt eia,Eat}kena, and Myophoria Ktiiper and Musclielkalk , and 

The plants of the Trias belong GervtUia aoctalta (fig 422), having 

mrtly to Oomferie, the genus a similar range, is found m great 

Vb/fm, with its cypress like twigs, numbers in the Musclulkalk of 

bemg characteristic The genus Geiraanj, Prance, and Poland 

18 also represented Penis The abundance of the heads 
were numerous genera, Pecoptena, and stems of lily eiicnnites, I non 
Cycloptena, Anomojderia, Acroatt nna hhiformia, Sclilolli (fig 41*1), 

chtea, Glathroptena, Sageno shows the slow manner in which 

plena, Tcemoptena, &c Cycads, some beds of this limestone have 

Pterophylliim, /anutea, Pseudo been fornud in clear seawater The 

zamitea, Podozaimtia, and Oto star fish called As/ndura /one «f<i, 

zamites These last prevailed < x Ag (fig 420), is as yet peculiar to the 

tensively, and have givt n the term Muscholkalk In the same forma 

‘ Age of Cycads ’ to the Trias A tion are found the skull and teeth 

true Lgutaetum exists, and an ally, of the genus Placodua (see fig 438) 

the genus Sehizontura Perfect specimens enabh d Pro 

JKeuper of Germany —Tin fessor Owen, m 1308, to show that 

sandstones of the Keuper of this fossil was a Saurian, which 

Germany, like those of Liighiud probably fed on shell bt ariiig 

and France, contain the remains of molluscs, and used its short and 
plants, reptilia, and very few marine flat teeth, so thn klv coated with 
organisms enamel, for pounding and ciushing 

M Mcbelkalk — This con the shells 

sists chiefly of a compact greyish Bunter • Sandetein — The 
limestone, but includes beds of Bunter Sandstein consists of va 
dolomite in many places, together nous coloured sandstones, dolo 

with gypsum and rock salt and mites, and red clays, with some 

clays This limestone — a forma beds, especially in the Hartz, of 
turn wholly unrepresehted in Eng calcareous pisolite or roe stone, the 
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whole sometimes attaining a thick 
ness of more than 1,000 feet The 
sandstone of the Vosges is proved, 
by its fossils, to belong to this 
lowest member of the Triassic 
group At Siilzbad (or Saultz les 
Bains), near Strasburg, on the 
flanks of the Vosges, many plants 
have bteii obtained from the Bun 
ter,’ especially conifers of the ex 
tinct genus of which the 

fruotihcation has beiii preserved 
(See fig 412 ) Out of thirty species 
of ferns r yeads, < onifers and other 
plants, < numerated by M Ad 
Brongiuart, in 1H40, as coming 


from the ‘ Gr^s bigarr^,’ or Banter, 
not one is common to the Keuper 
The footprints of Labyrintho 
don observed in the clays of this 
formation at Hildburghausen, m 
Saxony, have already been men 
tioned Some idea of the variety 
and importance of the terrestrial 
vertebrate fauna of the three mem 
bers of the Trias in Northern Ger 
many may be d< rived from the fact 
that in the great monograph by the 
late Hemiinn von Meyer on the 
reptiles of the Ti i ih, the « mains of 
no less than eighty distinct species 
are described and ^iired 


Jurassic strata of Central Europe — These have been 
studied with great care, especially by Marcou m the Jura, and by 
Quenstedt and Oppel m Suabia While the general parallelism of 
these strata with ^ose made out by William Smith m England is 
very striking, the local differences are of unmistakable chaiacter 
A very great number of palieontological horizons, each characterised 
by a species of Ammonite or other fossil, have been defined under 
the name of zones , and, over all the districts referred to, these zones 
may be traced more or less continuously, though some horizons are 
repre'-ented by thick masses of sediments, while others appear only 
as thin and insignificant bands, and some are, over considerable areas 
altogethei absent 

Throughout Central Europe the succession of Jurassic strata 
represented in this coimtiy can be clearly followed, although the 
mineial characters of some of the horizons differ veiy widely from 
the Biitish repiesentatives This succession of zones, with the 
group names applied to them, is given m the following table 


Portlandian 
Kuneiidgian | 

I 

Coralhan | 

Oxfoidiaii J 

Callovian j 
Bathonian ^ 

Bajooian l 


Zone of Tfigonia gibbo'ia. Sow 
„ Discina lati'isma, Sow 

„ Fjwgyra vitguUi, Defr 

, Umnonites altein{in<t, V Buch 

AsUirtt supracoralhna, D’Orb 
, Ostrea deltoidea, Sow 
,, Imvionitcti {Pert<iphinctes} plicatih'i, Sow 

, „ {A',pidoceras) perarmatw, Sow 

„ „ (CardiOceras) cordatus, Sow 

„ „ (Costnoceras) omatus, Schloth 

„ , {Stephanoceras) tnacrocephalus^ 

Schloth 

„ „ {Oppelta) asphidundes, Opp 

, „ {Parkxnsonxa) ferrugmeus, Opp 

„ „ (Parkxmonta) Parktniom, Sow 

„ „ (Stephanoceras) Humphresmn'us, 

Sow 

„ „ (Stephanoceras) Sauzei, D’Orb 

„ „ {Hammatoceras) Sowerbyi, Mill 

„ „ (Ludwxgxa) MtirchxsontcB, Sow 

„ „ (Ludwiipa) opalinm, Rem 
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Toarcian 


Lia<?mn 

(Cliarmou 

thian) 


Smemunan 

Hettangian 


Zone of {Lytoceras) jurensis, Ziet 

„ (Hildoeeras) bifrons, Brug 
„ „ (Harpoceras) serpenhnm, Rem 

, „ (Amaltheus) spinatus, Brug 

, (Amaltheus) margantatus, De 

Montf 

(ASgoceras) capricomi^, Schloth 
, {Amaltheus) ibex, Quenst 

„ „ {JFqoceras) Jamesonx, Sow 

, , (Arietites) rarxxostatus, Ziet 

, lOxxfnotx^ras) oxynotni:, Quenst 

, (Artefiles) obtusus Sow 

, „ {Arietxte<i) semxeostntxuf, Y (fr B 

, „ (Anehies) Bucklandx, Sow 

(Schlothexmia) angulatm, 
Schloth 

, „ (JEgoceras) planorbxs, Sow 


In Bome cases geologists and palaeontologists have found it 
necessary to establish still smaller subdivisions than these zones m 
describing the succession of the Jurassic strata Such minor sub 
divisions have been called by Mr S Buckman ‘ hemare ’ 


In Franco and Germany the 
anccesflion of strata representing 
these life zones has been studied m 
great detail, and the parallelism of 
the different horizons throughout 
Western Europe is sufficiently oh 
viouB There are many interesting 
local variations in the sequence of 
beds, 111 the degree of representa 
tion of different horizons, and even 
m the fossils which characterise the 
different zones, which are worthy of 
the closest attention as indicating 
the varjing conditions under which 
the strata of this age were accumu 
lated In Germany the Lias is 
usually called the ‘ Black Jura,’ the 
Lower Oolites ‘Dogger, oi Brown 
Jura,’ and the Middle and Upper 
Oolites the ‘ Malm,’ or ‘ White Jura ’ 
Shallow- water Sepre- 
seotatlwes of the Chalk — 
Chalk strata are found all through 
Central Europe and passing into 
Asia In the south of Russia the 
Upper Cretaceous is represented by 
beds of chalk, which have been 
proved by deep borings to be nearly 
2,000 feet m thickness 

Although the great mass of the 
chalk was evidently deposited m 
moderately deep water, we can in 
places trace the shores of the sea in 
which the beds were formed Thus 
m the north east of Ireland beds of 


conglomerate containing chalk fos 
Bils are seen resting on the old 
metamorphic rocks of the district, 
and in Bohemia and Saxony the 
calcareous beds of the chalk are 
found passing into masses of 
sandstone (Qnader Sandstone) 
and into marls (Planer Marls), evi 
dently formed under littoral con 
ditions At some points, as at 
Aix la Chapelle, the Western Isles 
of Scotland, and the east coast 
of Greenland, beds of freshwater 
origin art found intercalated with 
the Upper Cretaceous marine beds, 
and these freshwater beds have 
yielded a very interesting series 
of plant remains 

Freahwater Strata of 
Cretaceoni Age of Central 
Surope —The Wealden or fresh 
water representatives of the Lower 
Cretaceous are found extending 
into the north of France , and strata 
of about the same age occur in 
Hanover Freshwater beds con 
taming a terrestrial fauna have 
been studied at Aix la Chapelle 
These strata are of the same age 
as our Upper Chalk, they con 
Bist of white sands and laminated 
clays, and attain a thickness of 400 
feet With the exception of a few 
bands containing marine shells, 
all these strata are of freshwater 
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ongm, and they contain a senes of 
plant remains which deserve par 
ticular attention Nearly 100 spe 
cies are recorded by Debey in the 
lists of the ‘G^'ologie de la 
Belgique ' (M Motirlon, 1H81) Of 
fourteen genera of ferns, three are 
still existing— 'namely, Glnchenin, 
now inhabiting the Cape of Good 
Hope and New Holland, Ltjgodtuiu, 
now spread extensively through 
tropical regions, but having aonn 
species which live in Tapan and 
Nortli America, and Asplemum, a 
living cosmopolite form The genus 
Pteruloleimma is represented by 
no less than 22 specus, or nearly 
om half of the whole flora of ferns 
Among the phanerogamous 
plants, tin Conifers are abundant, 
tilt most common belonging to tin 
genus Sequoia {oi Wellingtonia),of 
which both the cones and branches 
aic preserved The sihcified wood 
of this plant is very plentifully dis 
pt rsed through the whiti sands in 
the pits near Aix In one silitifled 
tiiiiik 200 rings of annual growth 
have boon counted The Monoeo 
tyltdons there are very peculiar 
types No ralins have bun recog 
nised with lertainty, but a speiies 
of PandanuH, or Screw pine, is 
found But the number of the 
Dicotyledonous Angiosperins is tho 
most striking feature in this an 
cient flora 

Among them we find five spe 
oiis of the Oak (Diyophyllum), a 
genus very American m its afhni 
tn s 

The resemblance of the flora of 
Aix la Chapelle to the tertiary and 
living floras is considerable, but the 
angiospermous Dicotyledons did 
not commence with the Tertiary 
age, but long before We can now 
affirm that these Aix plants 
flourished before the rich reptilian 
fauna of the secondary rocks had 
ceased to exist The Ichthyosaurus, 
Pterodactylus, and Mosasaums 
were of coeval date with the plant 
Dryophyllum Speculations have 
often been hazarded respecting a 
connection between the rarity of 
Exogens in the older rocks and a 
peculiar state of the atmosphere 
A denser air, it was suggested, had 
m earlier times been alike adverse 


to the well being of the higher 
order of flowering plants, and 
of the quick breathing animals, 
such as mammalia and birds, while 
it was favourable to a cryptogamic 
and gymnospermous flora, and to a 
predominance of reptile life But 
we now learn that there is no in 
compatibility m the co existence of 
a vegetation like that of the present 
globe, and some of the most re 
markabU forms of the extinct rep 
tiles of the age of gymnosperms 
In Bohemia a flora belonging to 
the base of the upper chalk contains 
the Dicotyledonous genera Acer, 
Alnus, Salix, and Crednena 
Tbe Toungrest Cretaceous 
Strata — At Maestneht in Hoi 
land, Faxoe in Denmark, in Scania, 
the southern part of Swt den, and at 
Meudon m France, we find strata 
of Upper Cretaceous age overlying 
the equivalents of the youngest 
Chalk beds in the British Islands 
Some of the fossils of these 
youngest Cretaceous strata are 
representf d in the following figun s 
In these beds we hnd Ammonites 
and Belemnites of Cretaceous types 
mingled with species of such Ter 
tiary Gastropoda as Valuta, Fas 
eioUma, Cypma, Oliva, Mitra, 
and Tiuchus Some of the beds 
of Daman Chalk abound with 
Bryozou 


Pig 442 



liflemnitella mueronata, 
Scbloth,i 

Sfaestncht Faxoe, and 
White ChaJk 

b Osselet or guard, sliowing 
vascular impressions on 
outer surface, with charac 
terlstio slit, and muoro 
a Section of same, showing 
place of phragmacono 
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l^rtioii of Itanihli s 
tnniam sow 
Mae^itru lit and 1 * ix(k 
b<xls )iiid Wliiti (jimlk 


Fig 444 



//rtnicw* ®!(liIotli Favoo Dmmark 
Miiestnclit fic 


MESOZOIC STRATA OF THE ALPS iM) 
SOLTHERN EUROPE 


The Alpine Trias —The 
richness of the fauna of tlu Alpim 
Trias has hem alnady referred to 
Mojsisn vies lias shown tliat the strata 
on the south of the Alps (St ( as 
Sian, Ac } lu long to a dilTt r< nt lift 
proMiitt fioni that in wliith thoM 


shown that each is distinguished 
by asst mhlagts of ptculiai Am 
monitt H and otlur slit IK 

TriasHic strata, closelj rdated 
to those of the Alps art found 
t xt< ndingthroiigh Southtrii h nropt 
and Asia into tin Iinliaii pt iiiiisula, 



on the north side of the same chain 
^allstadt beds) were deposited 
These life provinces he has named 
the Mediterranean and Juvavian 
provinoes respectively , and he has 


and through Siberia into Japan 
Strata with similar fossils reappear 
in the western temtones of the 
United States, in Alaska and 
Bntish Columbia 
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The Tms la grandly developed 
in the Eastern Alps Including 
the Bhsstio beds, which link the 
Trias and the Lias, the following is 
the succession of the great groups 
of strata 

Tlie Rhsetic group, consisting of 
marine limestones, dolomites, and 
(rarely) shales 1 Kossen beds and 
Azarolla beds, with corals, Brachio 
poda, and Laiaellibranchiata, such 
as GermlUa 2 Dachstem lime 
stone, with large forma of Megalo 
don or the Dachstem bivalve, 
numerous corals, and Brachiopoda 
3 Dolomites A pale, well bedded, 
findy crystalline rock, usually 
without fossils 

Upper Trias 1 Carditn beds 
and Raibl beds, shales, marls with 
plants, Crustacea, Cephalopoda, 
and fish 2 Hallstadt limestone ' 
and h sino beds, red and mottled 
marbles and limestones, with many 
Cephalopoda and large Gastro 
poda The Schlern Dolomite, 
3,H20 feet thn k, forming picturesque 
mountains 8 Lunr beds, contain 
mg coal with plants, and forming 
the only fn shwater group 4 Zlam 
bach coral beds 5 St Cassian 

bt ds~c ilareous marls of South 
T>rol, with Ammomtef, Gastro 
poda, Ijamellibranchiata, Brachio 
poda tiinoidea, Echmoidea, and 
(’orals h Ualohia LomnidiihedlB 
Then comes the Lower Trias 7 
Alpine Muse helkalk, limestones, 
and doloinites, with lower strata 
(ontamiiig which are 

equivalent to the Upper Division 
of the Bunter 

Other Alpine deposits of iiiarnn 
origin 0 (cur m Southern Europe, 
of whn h the great masses of lime 
stone of Hallstadt, north of the 
Alps, are the type Huge Amrno 
nites characterise these deposits 
On the south of the Tyrol the St 
Cassian beds were forming a little 
earlier, and the fauna was rich in 
the extreme The following are 
characteristic genera — Sooliostoma 
(fig 428), Platystoma (fig 424), and 
Komneieza (fig 421) 

Ammonztea and Orthoceratites 
occur m the St Cassian and Hall 
■tadt beds As the Orthooerata, 
which are common in some palseo 
EOMS rocks, had never been met 


with m the Musehelkalk of tiie 
Lower Trias, much surprise was 
felt that seven or eight species of 
the genus should appear in the 
Hallstadt beds of the Upper Trias 
Some are of large dimensions, and 
are associated with large Ammo 
nztea with foliated lobes, a form 
never seen before so low m the 
Mesozoic series Centhzmn, so 
abundant in tertiary strata, and 
which still exists, is represented by 
no less than fourteen species 

A nch fauna, comprising 22? 
species, of which about one fourth 
are identical with those of St Cas 
Sian, has been brought to light at 
DEsmo, in Lombardy, and has 
been admirably illustrated by Pro 
fessor Htoppani He desenbed 65 
species of the genus of spiral uni 
valve Chemnitzza, reminding us by 
its abundance of the Centhia of 
the Pans basin, while the enormous 
size of some specimens wonld 
almost bear comparison with the 
Centhmm gzqanteum, Lam, of 
that Eocene formation 

The study of the rich maiine 
fauna of Hallstadt and Bt Cassian 
of the Upper Trias or Keuper 
loiiviiues US that when the 
stiata of the Triassic age are better 
known t specially those belonging 
to the period of the Bunter Sand 
stone, the break betwt en the Paloso 
zoK luid Mesozoic Periods will to 
a great extent disappear 

Juraaslc atrata of tbe 
Alp*. —In the Alpine region the 
thick limestones of Jurassic age 


Fig 44li 



Ttrehfralula {P^gope) 
dtphyut Col 


contain representatives of a number 
of zones, which can only be com- 
pared generally with the divisions of 
the strata in Central Europe These 
Alpme strata graduate upwaip^a 
through the Tithonian into ^ 
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Neocomian, and downwards throngh 
the Rhsetic (or Dachstem and 
Kossen beds) into the Tnas The 
Tithonian are a remarkable series 


diphyoid Terebratnlse {Pygope\ fig 
446 By many authors the Titho 
man strata are classed as Upper 
Jurassic 
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closely resembles that of our own 
country, but m Southern France 
and Switzerland the Lower Cre 
taceous or Neocomian becomes 
greatly developed, containing a 
wonderfully rich and varied fauna, 
and being divisible into a number 
of distinct zones 

The Neocomian strata of the 
Alps are Be^eral thousands of feet 
in thickness and have a very 
rich fauna, including many remark 
able forma of Ammonites and 
Belemnites They graduate down 
wards into that other thick series 
of limestones referred to, the Titho 
man, a great system of strata not 
represented by marine beds m the 
British Islands, which appears to 


bridge over the interval between 
the Cretaceous and the Jurassic 
Periods 

In the south of France and the 
Alpine districts of Southern Europe 
the Upper Cretaceous is represented 
by thick masses of calcareous and 
other strata These contain a fauna 
differing ni many respects from the 
fauna of the Cretaceous of Central 
Europe Many of the beds of lime 
stone of Upper Cretaceous age 
(Hippunte limestones) are almost 
entirely made up of the shells of the 
large and remarkable bivalves bo 
longing to the extinct group of tho 
Rudistes Some of the chief forma 
of these Rudistes are shown in the 
figures on the opposite page 
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Trias of India and South 
Africa —There is a marine Trias 
in the Himalaya and in Baluchis 
tan with Muschelkalk and St Cas 
Sian species of somewhat different 
types from those of Europe But the 
^eat development is m the penm 
sula, where the terrestrial remains 
of the period form vast coal-beds 
and shales and clays with plants and 
animals belonging to the same 
eriods In Australia, m New 
outh Wales, Victoria, and Queens 
land are important coal bearing 
strata 

Below those Triassic (Pinchet) 
beds are still thicker series of coal 
bearing strata which are referred 
to the Perrao Carboniferous and 
even older periods (Rffniganj and 
Talchir Senes) 

In South Afnca extensive beds 
(the Karoo beds) containing simi 
lar plant remains and many re 
markable forms of terrestnal rep 
tiles, which have been made known 
to us by the labours of Professors 
Owen and Seeley, cover an enor 
mous area and attain a great thick 
ness 

The Triassic rocks of Southern 
Europe and Asia have been shown 
by the labours of Neumayr and 
Mojsisovics to have been accumu 
lat^ in two life provinces, to which 
the last named geologist gave 


tho names of the Juvavian pro 
Vince (lying north of the present 
Alps) and the Mediterranean pro 
Vince (lying soutli of that chain) 
In each of these provinces shallow 
water and deep water facies have 
been distinguished, and the effects 
of climate in influencing the distri 
bution of life form can be distinctly 
traced 

In Siberia, Spitzbergen, and 
Japan, and the western portions of 
the North American continent, 
Triassic strata cover wide areas 
In spite of the presence of many 
characteristic genera of Triassic 
Cephalopoda, Mojsisovics points 
out that there are many remarkable 
differences between the fauna of 
these Asiatic strata and those of 
Europe, and he regards them as 
constituting another life province, 
the 'Arcto Pacific ’ 

7urasflo strata of Russia 
and tbe Arctic Regions.— In 
Russia, and m the northern parts 
of Europe, Asia, and North America, 
we find very widely distributed a 
series of strata possessing a number 
of features in common with the 
Upper and Middle Oolites, but at 
the same time offering many very 
sinking differences from the typical 
Jurassio The same formalaons, 
characterised by the peculiar genus 
Aueella, by the presence of many 
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distinctive types of Ammonites and 
Belemnites, as well as by the 
absence of many forms fonnd m the 
typical Jurassic, also extends 
southwards into the western tern 
tones of the United States It is 
a remarkable circumstance that 
not a few Ammonites and other 
fossils of Jurassic types an found 
as far north as the east coast of 
Greenland, and in the adjoining 
islands of the Arctic Ocean 

Cretaceous Strata of 
Oreenland, dtc.— A Ontaceous 
flora has been discovered in Green 


land of Cenomanian age at 70° 
N L , and its genera resemble those 
of the Dakota group (p 886) of the 
Cretaceous Formation of the West 
ern Territories of the United States 
There are Ferns, and a great assem 
blage of Dicotyledons, including 
many evergreens and conifers 
A second flora, wlm h is proba 
bly of fjowtr Cretaceous ago, is 
rcmaikable for having only yielded 
one Dicotyledonous (Angiosper 
mous) specK s, but numerous Com 
fers, many Ci/carh and a few 
Monocotyledons (Si e }> 88') ) 


MESOZOIC STRATA OF NORTH AMERICA 


The Vewark System of 
the Bastern States —While in 
the Old World it appears to be gene 
rally possible to divide the Moso 
zoic strata into the three great 
systems Tnassic, Jurassic, and Cre 
taceous, such is certainly not thi 
case in the New World 

When we cross the Atlantic, we 
find in the Eastern States of North 
America a series of strata (tho 
Newark system) upwards of 4,000 
feet in thickness, which are clearly 
hoinot axial with the Jurassic and 
Tnassic take n together, but in 
which it IS impossible to establish 
any exact parallelism with the 
several divisions of those systems 


the remains of Cycads and hqui 
setum occur Witli the plant rt 
inaiiiH are found manj Crustaceans 
including forms of hstheria,ur\\\ 
lar to those so abundant in the 
European Trias, and many Ganoid 
fish 

In the Connecticut Valley 
strata of red sandstone occur which 
often exhibit great numbers of 
tracks formerly regarded as those 
of birds, but now believed to have 
been made by Labynntliodoiits 
and Dinosaurs 

The footj»rinta of, it is supposed, 
no l(RS than 60 species of animals 
ha\( b(ui d( tec ted in these rocks 
The tracks have been found in 


PlK •l.ii 



Footpnnts of a Dinosaur (?) Turner a PaUs Valley of tlje Connecticut 


They oonaist of reddish sandstones 
and shales, with a few thin beds of 
limestone and cool 

In the Eastern United States, 
the Tnassic, Rhsetic, and part of 
the Jurassic i^stem appear to be 
represented by this 'Newark 
System/ which, in great part at 
least, seems to have been of fresh 
water orl^ Near Richmond, in 
Virginia, l^s of coal made up of 


more than twenty places scattered 
through an extent, of nearly 80 miles 
from nortii to south, and they are 
repeated through a succession of 
b^B attaining at some points a 
thickness of more than 1,000 feet 
Yet no traces of bones or teeth 
have ever been detected in the 
beds 

In North Carolina the teeth of 
a small mammal {Dromaihtrmm) 
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have been found m the same strata 
It 18 closely related to the European 
Mtcrolestes 

The formation covers an »m 
menso area, and may be divided 
into the Eastern and Western series 
The former are freshwater and 
terrestrial accumulations, and the 
latter are marine deposits In the 
eastern area the valley of the 
Connecticut nver offers a type In 
a depression of the granitic or 
hypogeno rocks in the States of 
Massachusetts and Connecticut, 
strata of red sandstone, shale, and 
conglomerate are found, occupying 
an area more than l^O miles 
in length from north to south, and 
about 6 to 10 miles m breadth, the 
beds dipping to the eastwards 


formation among its contorted 
rocks 

Coal-field of Blohmondt 
Virginia —In the State of 
Vii^inia, at the distance of about 
18 miles eastward of Richmond, 
the capital of that State, there is 
a Coal field, occurring in a de 
pression of tho granite rocks and 
occupying a geological position 
analogous to that of the New Red 
Sandstones, above mentioned, of 
the Connecticut Valley It extends 
20 miles from north to south, and 
from 4 to 12 flora east to west 
The plants consist chiefly of 
Zamites, Equmtacecp, and ferns, 
and were considered by Heer to 
have the nearest affinity to those of 
the European Keuper 


Fig 451 
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friassic coal shale, Riclimontl Virginia 


at angles varying from 5 to 60 
degrees Having examined this 
senes of rocks in many places, Lyell 
concluded that they were formed 
111 shallow water, and for the most 
part near the shore, and that sonu 
of the beds were from time to tune 
raised above the level of the water, 
and laid dry, while a newer seru s 
composed of snnilar sediment was 
foiming 

'Ihe age of the Connecticut 
beds cannot be proved by direct 
superposition, but may be pre 
sumed from the general structure 
of the country That structure 
shows them to be newer than the 
movements to which the Appa 
lachian or Alleghany chain owes its 
flexures, and this chain includes 
the ancient or palteozoic Cool 


The horsetails are veiy 
commonly met with in a veitical 
position, more or less compressed 
It 18 clear that they grow in the 
places where they are now found, 
and were buried in strata of 
hardened sand and mud They 
maintain thoir erect attitinh at 
points many miles apart, in beds 
botli above and between the seams 
of c(tt\I In order to explain this 
fact we must suppose such shales 
and sandstones to have been gnulu 
ally accumulated during the slow 
and repeated subsidence of the 
whole region 

The fossil flsh are Ganoids, some 
of them of the genus Catopterua, 
others belonging to the Ijiassic genus 
TetragonoUpsia (jEchtnodu^ (see 
fig 826, p 278) Amongst the 
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Crustacea, two or more species of 
Entomostraca called Esthena are 
m such profusion, in some ^aly 
beds, as to divide them like the 
plates of mica in micaceous shales 
(See fig 460 ) 

These Virginian Coal measures 
are composed of grits, sandstones, 
and shales, closely resembling 
those of palaeozoic date in America 
and Europe , and the measures rival 
those of the last named continent 
in the thickness of the coal seams 
One of these, the main seam, is 
in some places from 80 to 40 feet 
thick, and is composed of bitumi 
nous coal « 

The DrowiftfAmi/w, before allu 
ded to, 18 at least as ancient as the 
Microlestesof the European Rhsetic, 
desdibed p 808, and the fact is 
highly important, as proving that 
a certain low grade of marsupials 
had not onlj a wide range in time, 
from the Trias to the Purbeck of 
Europe, but liad also a wide range 
in space, namely, from Europe to 
North America, in an east and west 
direction, and, in regard to lati 
tude, from Stoiiesfield, in hi' N , 
to North Carolina, in 35" N A 
somewhat similar mammal (Triti/ 
lodon), has been found m the 
Triassic beds of bouth Africa, and 
others also in the Cretaceous of the 
United States 

If the throe localities in Europe 
where the most ancient mammalia 
have been found— Purbeck, Stones 
field, and Stuttgart— had belonged 
all of them to formations of the 
same age, we might well imagine so 
limited an area to have been jieopled 
exclusively with pouched quadru 
peds, just as Australia’ now is, while 
other parts of the globe were 
inhabited by placental, or ordinary 
Mammalia But the great diffe 
rence of age of the strata m each 
of these three localities seems to 
indicate the predominance through 
out a vast lapse of time (from the 
era of the Upper Trias to that of 
the Purbeck beds) of a low grade of 

* Australia now supports one 
hundred and sixty species of mar 
supials, while the rest of the con 
tments and islands are tenanted by 
about seventeen hundred species of 


Mammalia, and there must also 
have been a vast extension in geo 
^aphical area of the marsupials 

or Mesozoic era which has been 
called the Age of Reptiles The 
predominance of these Mammalia 
of a low grade during the whole of 
the Mesozoic, and the absence of 
the higher forms of Mammalia, 
are strongly suggestive of a pro 
giessive development of life forms 
It IS also a very signihcanl circum 
stance, which has been pointed out 
by Professor Seeley and others, that 
the Tnassic reptiles of South 
Africa exhibit, in the differentiation 
of their teeth and many otlier 
pecuhantits of their structure, 
very curious affinities with the 
mammals 

While the Jurassic strata are 
very imperfectly exhibited in North 
Amenta, being onlj rttognisnble as 
jiossibly represented m the Newark 
formation, the Cretaccans are 
certainly present in the same area, 
but exhibit many striking diffe 
rencos from their European cqui 
valents 

We find in the State of Niw 
Jersey a senes of sandy and 
argillaceous beds wholly uuliki in 
mineral tliaracter to our Upper 
Cretaceous system of Euro|)C, 
winch we can, nevertheless, rocog 
nise as referable, paloeontologically, 
to the same division 

That they were about the same 
age generally as the European 
Chalk and Neocomian was the con 
elusion to whieh Dr Morton and 
Mr Conrad eame after their m 
vestigation of the fossils in 1884 
The strata consist ehiefly of green 
sand and green marl, with an over 
lying coral limestone of a pale 
yellow colour, and the fossils, on 
the whole, agree most nearly with 
those of the Upper European 
senes, from the Maestneht beds to 
the Gault inclusive Among sixty 
shells from the New Jersey de 
posits, five were found as early as 

Mammalia, of which only forty six 
are marsupial, and these are of a 
different family from the marsupials 
of Australia— namely, the opossums 
of North and South America 
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1841 to be identical with European 
species— Os^r(?a larva, Lam, 0 
vesicularts, Lam , Oryphaa cos 
tata, Sow, Pecten qutnquecos 
talus, Sow , Belemnitella mucro 
nata, Schloth As some of these 
have the greatest \ertical range in 
Europe, they might be expected 
more than any others to recur in 
distant parts of the globe Even 
where the species were different, 
the generic forms, such as Bacuhtes 
and certain genera of Ammonites, 
as also the Inocnamus and other 
bivalves, have a decidedly Cre 
taceous aspect 

Fish of the genera Lanina, 
Galeus, and Carcharudon are 
common to New Jersey and the 
European Cretaceous rocks bo 
also is the genus Mosasaurus 
among reptiles Hadrosaurus &nA 
Drypiosaurus occur amongst the 
DiiiOBaurs Professor 0 C Marsh 
has described several species of 
birds from the Greensand of New 
Jersf j 

It appears from the labours of 
Dr Newberry and others, that the 
t rotaceous strata of the United 
Stati H, cast and west of the 
Ajipalaehians, an characterised by 
a flora detidi dly analogous to that 
of tilt Upper r retacpous of Central 
Europt, and having tonsiderabh 
n stiiiblaiiet to the vegetation of 
the Tertiary Period 

Cretaceous locks are grandly 
developed in the South Western 
States, 111 Texas, Wyoming, Utah, 
and Colorado The} are found to 
the north m Manitoba, and reach 
to the mouth of the Mackenzie, and 
into Northern Greenland In 
Texas there are limestones with 
Htpnuntes and Orbitolites, but 
noithwards the strata become 
arenaceous, and were partly de 
posited in the sea and partly on 
land The following are the prin 
cipal groups The highest, or 
Laramie— the Lignitic— is a ter 
restiial deposit, containing brackish 
water and some marine fossils, and 
a vast flora The vegetation is 
remarkable for the number of 
Dicotyledons, showing that tins 
great section of the vegetable 
kingdom was in existence before 
the Tertiary age The Reptiha 


found in the deposits are mostly 
Mesozoic m their affinities, and 
there are no mammalian remains 
Anmonites and Inoceramtis have 
been found The deposit is 6,000 
feet thick on the Green River 
The researches of the United States 
geologists and palaeontologists point 
to the conclusion that the Laramie 
formation was deposited, at least in 
part, during the vast period repre 
sented by the great break between 
the Catnoroic and Mesozoic epochs 

The second, or Fox Hills group, 
consists of sandstones, some 
terrestrial and others marine, with 
Belemnitella, Nautilus, Ammo 
nites, Bacuhtes, ind Mosasaurus 
It 18 from ^,000 to 4,000 feet thick 
Thirdly, the Colorado group, with 
Cretaceous fossils, and fourthly, 
the Dakota group, with a re 
markable flora 

The flora of the Dakota group 
(Cenomanian) contains ferns of the 
genera Lygodium, Sphenoptens, 
Peeoptens, Gteichenia, &nd Todea 
Amongst the Gyranosperms, the 
genera Pterophyllum, Sequoia, 
Araucaria, Glqptostrobus, (fee , 
and ilahellana amongst the 
palms There aie 107 species of 
Angiosperinoiis Dicotyledons, of 
which about one half are stiU 
leprcsentcd by living species The 
order Proteacc i has three genera 
—Protioides, hmhothnum, and 
Anstolochites , and among the 
Laurace® are Lauras, Persea, 
Sassafras, Cinnamomum, Oreo 
daphne, whilst Magnolia and 
Lmodendron are amongst the 
Polycarpie® This flora should be 
carefully noticed, in order that 
we may not be deceived by the sup 
position that Dicotyledons of the 
above mentioned genera are neces 
sarily of Tertiary age The flora 
would at the present time be 
normal in a climate like that of the 
South of Europe of from 85-' to 40° 

N lat Probably one half of the 
Dicotyledons are allied to recent 
American forms 

According to the most recent 
researches of Dr C A White, the 
Cretaceous strata of North Amenca, 
which are of enormous tliickness, 
belong to an Upper and Lower 
Cretaceous division, but these 
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cannot be exactly correlated with 
the groups of strata bearing the 
same names m Europe The 
Laramie formation is believed to 
belong, in its upper part, to the 
Eocene, and m its lower part 
to the Cretaceous, while the great 
mass of its beds were probably laid 
down during the vast interval 
which separated those periods 
The development of Reptilian 
life in America during the Cre 
taceous age was extraordinary 
There were very few species of 
Ichthyosaurus in the American 
area, while these forms abounded 
in the European Cretaceous strata, 
and they appear to have been re 
placed by the Mosasauria The 
order Plesiosauria was well repre 
senkd, but mainly by sfiecies of 
genera relati d to Vliosaurus 
Tin Mosasauria ruled supn me 
111 the Ameritan C retaceous seas 
and Marsh says that some wtw (lO 
fiet long and others 10 or TJ f»(t 
in length They were swiinming 


lizards with four paddles Crooo 
dilia, some with biconcave and 
others with proccelian vertebras, 
prevailed during the same age 
Allied to the Pterosauna was the 
genus Pteranodon, some species 
having a spread of wings of from 
10 to 2'» feet (see fig 283, p 251), 
they re[)laced the Pterodactyl of 
Europe The American forms had 
no teeth, but probably homy beaks 
like birds and Chelonians Che 
lonians existed, but the most re 
markable Reptilia found were 
dwellers on the land, of the group 
Dinosaima Tliese represented 
the Iguanodon of the Lower Cre 
taceous of Europe, and the D^no 
saurs noticed by Seeley m the 
Maestricht chalk The Upper Cre 
taceous Dinosaurs of Ameriri in 
elude Hadrosuiiri/s of the mariut 
beds and several genera and species 
which arc found in the strata with 
Di( ofyledonous h ivtsmtln Elgin 
tn. serns 


For fuller details concerning the 
Ti lassie, Jurassic, and Cretaceous 
strata of the Western Alps, the 
reader is referred toDe Lapparent’s 
excellent ‘Traik de G<^ologie,’ third 
edition, 1898, and for those of the 
Eastern Alps to Von Hauer’s ‘Die 
Geologic der Oester Ungar Monar 
cine,' 1875 The papers of the 
Mojsisovics and of the late Dr 
Neumayr contain admirable dis 


cussions concerning the distribution 
of the Mesozoic forms of life The 
North American strata will be found 
described in the following correla 
tion papers of the U S Geological 
Survey ‘ The Newark System,’ by 
J C Russell , ‘ Cretaceous,’ by A 
C White (See also ‘ The Laramie 
Formation,’ by the same author, 

‘ Bull U S Gcol Soc ’ No 34), and 
also m Dana s ‘ Manual of (icology 



888 


PFRMIAN STRATA 


[oh XX 


THE NEV^im PALJEOZOTC ERA 


CHAPTER XX 

THE PFRMIAN SYSTEM 

Subdivisions of the Permian— Permian Marine Fauna of India, Texaa, 
Russia, Ac —Forammifera— Corals— Brachiopoda— Ammonites and 
other Cephalopoda— Arthropods— Fish Amphibians, and Reptiles — 
Terrestrial Flora— Relations with Carbonih rous and Tn is respectively 
- Upper Pirmian— Mafjnesian Limestone and Marlslate, with their 
Fossils— Lower Peimian, with its breccias 

Vomenclatnre and Classlfloatlon of the Permian strata — 

The youngest of the Newer Palaozoic systems was originally 
called the Dyas, this name having been applied to it by the 
German geologists in recognition of the circumstance that in 
Central Europe the formation consists of two \er> distinct 
members, and not of three, like the Trias In 1841, however, 
Murchison proposed to call this system the Permian, from the 
circumstance that beds of this age are found co\ enng an enor 
mousarea in the Russian province of Perm, and this term is now 
verj generally adopted Although the terrestrial flora and fauna 
of the Permian have long been studied by geologists, it i** only 
within the last few years that the remarkable marine fauna, with 
its strange blending of Mesozoic and Palaeozoic types of life, has 
been made known by the labours of Woagen in India, Gemmel 
laro in Sicilv, Karpinsk> in Russia, and White m North America 
In the British Islands we have generally, as m the case of the 
Trias, only red and variegated, unfossiliferous strata representing 
this great system, an exception bemg found m the Magnesian 
Limestone of the North of England first described by Sedgwick 
These calcareous strata contain numerous fossils, but their general 
charactensticB have been thought to point to the conclusion that 
the beds were deposited in great mland salt lakes rather than in 
the open ocean 

The divisions of the Permian strata in this country may be 
easily correlated with those of North Germany, as shown in the 
Mowing table, 
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North Germany England 

Zechstem with Mergelschiefer Upper Permian sandstones and 
and Kupferschiefer clays with the Marl slate and 

Magnesian Limestone at its 
base 

Roth todt liegende Lower Permian sandstones, 

breccias, and conglomerates 

The German name ‘ Zechstem ’ (mine stone) is given to a 
series of limestones, gypsums, clays, and conglomerates, which 
had to be penetrated by the shafts put down to reach the 
Kupferschiefer (copper slate), a bed at one time worked as a 
copper ore The term Roth todt liegende, or ‘ red dead layers ’ 
(often shortened to Roth-liegende), refers to the fact that when 
these beds were reached all hope of finding further deposits of 
copper ore had to be abandoned 

Characteristics of the Permian Fauna and Flora —The 
Permian marine fauna, which is now known from the researches 
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carried on in the Salt Range of India, the Alps, Sicily, Russia, 
and Texas, is a very interesting one, containing a remarkable 
admixture of Carboniferous (Newer Palaeozoic) types with some 
that are strikingly Mesozoic in their aspect Among Forammi- 
fera, the characteristic Ftmihna of the Carboniferous is found 
m great abundance in the Permian of the Alps and Sicily The 
corals of the Permian include Cyathophylloid forms with such 
Carbomferous genera as Michehma, Lomdalem, Pachypora, &c 
The Echmodermata are not numerous, but the Bryozoa are 
exceedingly abuntjant, the genus Fenestella (fig 462) being 
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especially well represented The Brachiopoda m the Permian 
begm to show that predominance over the Lamellibranohiata, 
which is so charactenstic of all Paleeozoic faunas The ancient 
types of ProductuB (fig 468), Spvnfera (fig 466), Aihyns, Orthia, 
Ciwnetes, &c , are accompanied by Terebratula and RJiyncho 
nella, and a number of genera peculiar to the Permian, such 
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as Stro^halosia, Camarophona, and the remarkably aberrant 
forms called RtcMhofenia (fig 462, c, d, e), Enieletei, Lyttoma, 
Oldhamim (fig 462, a, b), &c The Lamellibranohiata are repre 
sented by Palaeozoic forms like Aviculopecten^ mingled with such 
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XerKHlneu^ plkalus, Waageti 
From the Permian (Permo'Carboniferoiu) of 
the Salt Range, India 


Mesozoic genera MLtma, 
Myophonaf Oervillta, 
Lucina^&c , while among 
the Gastropoda, Bellero 
phon IB still found 

It 18 in its Cephalopod 
fauna, however, that the 
Permian marme strata 
present such noteworthy 
characters The persis 
tent Nautilus is represen 
ted by numerous highly 
sculptured forms, while 
Orthoceras, Gyroceras, 
and Gomahtes of the 


Palaeozoic are found 


mingled with many true Ammonites (usually marked by a 
somewhat simple pattern of suture), which have been referred 
to the peculiar genera Gyclolobus (fig 468), MedheoUta 
fig 454), Popanoeeras, Waayenoceraa, Xenod/iscus (fig 465), 
Arcestest Ao., the last mentioned genus oooumng also m the 
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Trias In some of the Palaeo/oic Ammonites the sutures are 
sharply folded like Gomatites, in others we have zigzag lobes 
with simple curved saddles, like Clymenia, while in others again a 
complication of suture is found, approaching that of the Mesozoic 
Ammonites No representatives of the Mesozoic Belemmtea 
have as yet been found in the Permian 

Among Arthropods we have many Ostracoda and some 
Esihena, while one genus of Trilobites {Phtlhpsta) has survived 
mto the Permian 

The chief fish of the Permian are Ganoids, all with heterocer 
cal tails, such as Pnheomscus, Plahjsomus, Acrolejpis, Amhly- 
pterus, Acanthodes, (fee But some belachians of very aberrant 
type also occur 

Amphibians of the order Stegocephala (Labyrinthodontia), 
which are so abundant m the Trias, are also found m great 



Sihlotli Permian Saxonv Nxt mz« 
a Branch b Iwig ot the sime t Leal mafeiuht^i 


numbers in the Permian These Stegocephala are curious 
synthetic forms combming many of the characters of the existmg 
Amphibians and Reptiles A great number of strangely varied 
forms of this group have been described by Dr Anton Fritsch m 
Bohemia, and by Prof H Credner m Saxony 

True Reptiles are represented by Rhynchocephalians {Palceo 
hatteria)f Lacertilians (?) {Proterosaurua, a synthetic type 
combining many of the characters of the lizards and crocodiles), 
and the earheat known examples of the Thenomorpha (Naoaaurua, 
Pariaaauru8t &c )— the remarkable group of Reptiles showing 
certam affinities with the Amphibians on the one hand, and 
the Mammalia on the other Dinosaurs, Ichthyosaiinans, 
Plesiosaunans, and Pterosaunans are all at present unknown m 
the Permian, nor have an> traces of birds or mammals been 
found m it 
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The Terrestrial flora of the Permian is fairly well known It 
18 Palaeozoic and not Mesozoic in its mam characteristics Ferns 
and Calaiuites, with numeroiiB Conifers, occur in it, but Stig 
marieae are rare, and Sigillarieae and Lepidodendrea. seem to 
ha\ e entirely disappeared Forms of Cordaite® {CordaioryUm) 
also occur Among genera largely represented in the Peinnan 
may be mentioned the fein Calliptcus, and tin conifer ^^alchM 
(hg 456) The (jinKo {Snlnhuna) of the existing flora makes 
Its appearance as early as the Penman 

About 18 or 20 speius of plants are known in tlie Penman 
locks of England None of them piss down into tlic Carboni 
feious series, but several 
genera, such as Alelho 
ptena, Neuroptens, and 
Walchia, are common to 
the two groups Caulo 
jdens^Lepidodendron, Ca 
lamiUa^ and Sfernbergia 
are Lower Permian and 
Carboniferous genera, and 
fragments of coniferous 
wood have been found witli 
them The Permian flora 
on the Continent appears, 
fiom the researches of 
MM Murchison and l)e 
Vcrneuil m Russia, and 
of MM (kiiiit/ and Von 
Gutbier m Saxon \, to be 
moderate^ distinct fiom 
that of the Coal, hfty 
species being common to 
both formations But the 
Permian flora is charac 
tensed bj the genus Callijitens, which is not Carboniferous, 
and by a profusion of tree ferns of the genus Pmronius, of 
Equiaetitea, and b} the abundance of Walchia 

In the Permian rocks of Saxony no less than sixty species 
of fossil plants have been met with Seitral of these, as 
Calamxtea gigas, Brong , and two species of Sphenoptens, are 
also met with m the Government of Perm, in Russia Seven 
others, and among them Nemoptena Loakii, Biong , Pecoptena 
arhoreacena, Brong , and several species of Walchia (see fig 456), 
and a genus of Conifers called Lycopoditea by some authors, 
are said by Geinitz to be common to the Coal measures 
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Among the Permian genera are the fruit called Card/iocarpon 
(see fig 457), Asterophyllites, and Annulana, with Lepidoden 
dron and Calamitesy so characteristic of the Carboniferous 
Period , also Noegrjerathia (fig 458), the leaves of which have 
parallel veins without a mid rib, and to which various generic 
synonyms, such as Cordtates, Flabellaria, and Poacites, have 
been given, is another link between the Permian and (’arboni 
feroiis vegetation Conifer®, of the Araiic irian division, also 
occur , but these are likewise met with both in older and newer 
rocks The plants called Sigillana and Stigmana, so marked 
a feature in the C irbomferous period, are as yet wanting in the 
true Permian 

Among the remarkable fossils of the Bothliegende or lowest 
part of the Permian m Saxony and Bohemia, are the silicified 
trimks of tree ferns called generically Psaronim Their bark 
was surrounded by a dense mass of air roots, which often con 
stituted a great addition to the original stem, so as to double 
or quadruple its diameter The same peculiarity is foimd in 
certam living extra tropical arborescent ferns, particularly 
those of New Zealand 

Thus we see that while, upon the whole, the plants of the 
Marl slate or Middle Permian differ from those of the Coal 
Period, the plants of the Bothliegende of Germany which belong 
to the Lower I’ermian begin to show a ver^ close generic affinity 
with Carboniferous forms 

Myriapods and insects have been found m considerable 
numbers, and some at least of the remarkable Amphibians and 
Beptiles of the period must be regarded as belonging to the 
terrestrial fauna 

BbITISH BEPRtSENTATIVES 01 Tilt PeBMIAN SySTEM 

Upper Permian —The Upper Member of the British Permian 
is seen to attain its chief thickness m the north west or on the coast 
of Cumberland, as at St Bees’ Head, where it is described by Sir 
Roderick Murchison as consisting of red sandstones and red clays 
with gypsum resting on a thin course of Magnesian Limestone with 
fossils, which again is connected with the Lower Red Sandstones, 
resembling the Upper beds, in such a manner that the whole foims a 
continuous series No fossil footprints have been found m this 
Upper, although they have been detected in the Lower Sandstone 
Miadle Permian— Magnesian limestone and Marl-slatOi 
This formation is seen upon the coast of Durham and Yorkshire, 
between the Wear and the Tees Among its characteristic fossils 
are Schmdus Schlotheimt, Gem (fig 459), and Mytilus septifer, Kmg 
(fig 4bl) These shells occur at Hartlepool and Sunderland, where the 
rook assumes a concretionary and botryoidal character Some of the 
beds m this division are ripple marked In some parts of the coast 
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of Durham, where the rock is not crystalline, it contains as much as 
44 per cent of magnesium carbonate, mixed with calcium carbonate 
In other places— for it is extremely variable in character- -it consists 
chiefly of calcium carbonate, and has concreted into globular and 
hemispherical masses, varying from the size of a marble to that 
of a cannon ball, with radiated structure Occasionally earthy 


Pig 469 Fig 460 rig 461 



Schuodu^ %:hlothfimi Gem, ^ llie hingt of MyHlu^^phftr King, 

Magucsian hmcbtone trumatu^ King iiat si/i S>ii Modxola 

Pomiaii acuminata 8o^^ Mag 

ncsiaii hmcstoni 

and pulverulent beds pass into compact limestone or hard granular 
dolomite Sometimes the limestone appears in a brecciated form, 
the fragments which are bound together consisting not of foreign 
rocks, but formed by the breaking up of the Permian limestone 
itself, about the time of its consolidation Some of the angular 
masses in Tynemouth Cliff are two feet in diameter 

The magnesian limestone sometimes becomes fossiliferous and 
includes m it delicate Brjozoa, one of which, Fencstclla reUformts, 
Schloth (fig 462), is a very variable species, and has received many 

I-lg 462 

6 




a fetictlella rel\formii, Schloth sp , nat size 
8yn IMepora fimtrofxa Phllliim 
b Part of the same highly uagiiified 
Magnesiau Limestone, Humbletoo Hill, near Sunderland 

different names It sometimes attains a large size, single specimens 
measuring 8 inches in width This Bryozoan, and four other species 
are common to England and the Penman of Germany 

The total known fauna of the Permian senes of Central Europe 
at present numbers 800 species, of which more than half are mol 
lasca Not one of these is common to rooks newer than the 

I 
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Falseozoio, and the Braohiopoda are the only group which have fur 
nished species common to the more ancient or Carboniferous rooks 
There are few Gasteropoda The Cephalopoda are, Nauhlus 
FreiesUbeni, Gem , found also m the German Zeohstein, and species 
of Orthoceras 

With regard to the Brachiopoda, shells of the genera Prod%ctus 
(hg 463) and Strophalosta (the latter an allied form with hinge 
teeth), which do not occur in strata newer than the Permian, are 
abundant m the ordinary yellow magnesian limestone They are 
accompanied by certain species of Spinfera (fig 465) and Lingula 

riR 46] Fif, 464 Fig 466 


I inr/uia (.lednent 
Gem 

Magnesian 

Prodncltuho)rtdus,SiOv,erhy ^ Limestone and 

Sundtrland ana Durham, in Carboniferous Synrf/Vra ofa/fi, Schloth , ^ 
Magnesian Limestone Marl slate Dur Sow King s Monogr 

Zcchstein and Kupferschiefer, liam , /echsttin, Magnesian Limestone 

Germany Thuringia 

Crednem, Gem (fig 464) Some of the Permian Brachiopoda, such as 
Camarophona (allied to lihynchonella), Spinfenna, and two species 
of Lingula, are specifically the same as some fossils of the Carboni 
ferous rocks Avtcula, Area, and Schizodus (fig 459), and other 
Lamellibranchiate bivalves, are abundant 

The Magnesian Limestone has yielded, m England, only 100 
species of fossils, of which the Brachiopoda number 21, the Lamelli 
branchs dl, the Gasteropoda 2b, and fish ‘21 species 

Beneath the limestone lies a formation termed the Marl slate, 
which consists of hard, fissile, calcareous shales, and thin bedded 

Fig 466 





Restored outline of a fish of the genus PalveontKut, Agass 

limestones At East Thickley, m Durham, where it is thirty 
feet thick, this slate has yielded many fine specimens of fossil fish - 
of the genera PakBomscus 10 species, Pygopterus 2 species. Gala 
cantkus 2 species, and Platysomus 2 species, which, as genera, are 
common to the older Carboniferous formation, but the Permian 
species are peculiar, and, for the most part, identical with those 
found in the Marl slate or Copper slate of Thunngia 

The PcUcBoniscus above mentioned belongs to that division of 
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fishes called by Agassiz ‘ Heterocercal,’ which usually have their tails 
unequally bilobate, like the recent Shark and Sturgeon, and the 
vertebral column running along the upper caudal lobe (See fig 
467 ) The ‘ Homocercal ’ fish, which comprise the greater number of 


467 F)g 468 



''link Miad (( liipta litrniig tiibi ) 

J/ilfioieniil Homoatcal 


species at present found living, have the tail fin either single or 
equally divided , and the vertebral column stops short, and is not 
prolonged into either lobe (See hg 468 ) Now it is a singular fact, 

SCALPS 01 PISH MAGNESIAN LlMEsiOMi 
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Fig 469 Pnldont^cui compim (•anonl soak, inagmhoil Mirlshk 
Fig 470 I aI<roimci)» ^leijaustfycdgw U mkr burf uo of g uioid h( ili,mignihiHl 
Marl si itt 

Fig 471 Palaonncus qlaphyi ut, kg Uiithi siufaci of gaiioni k Ui, magtuheil 
Marl blatc 

Fig 472 ((flarnrilhm inanulatus, Ag Grauiilated burfact of wak, magulfleU 
Marl slate 


Pig 473 


Pig 474 




Pggoptei ut mandibulartf, Ag Marl slate 
a Outside of scale, magnified 
b Under surface of same 


Ac) olepii Sedgwickti, Ag 
Outside of scale, magnified 
Marl slate 


first pointed out by Agassiz, that the heterocercal form, which is 
confined to a small number of existmg genera, is universal in the 
Magnesian Limestone and all the more ancient formations It 
characterises the earlier periods of the earth’s history, whereas 
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in the secondary strata, or those newer than the Permian, the 
homocercal tail greatly predominates 

In Professor King’s monograph on the Permian fossils a full de 
scnption has been given by Sir Philip Egerton of the species of fish 
characteristic of the marl slate , and figures of the ichthyolites, 
which are very entire and well preserved, will be found in the same 
memoir Even a single scale is usually so characteristically marked 
as to indicate the genus, and sometimes even the particular species 
They are often scattered through the beds singly and may be useful 
to the geologist in determining the age of the rock 

Two species of ProlLro<iaurus, a genus of reptiles, have been dis 
covered in the marl slate, one representative of which, P Spenen, 
Meyer, has been celebrated ever since the year 1810 as characteristic of 
the Kupferschiefcr or Permian of Thuringia Remains of a Labyrin 
thodont, Lepidotosaurus Duffi, Hancock and Howse, have been met 
with in the same slate near Durham , and a quarry in the Permian 
sandstone of Kenilworth has yielded the skull of another species, 
called by Professor Huxley L Dasyceps, on account of the roughness 
of the surface of the cranium 

Xiower Permian —The principal development of the British 
Lower Permian is found in the north west of England, where the 
Penrith sandstone, as it has been called, and the associated brec 
cias and purple shales are estimated by Professor Harkness to attain 
a thickness of 3,000 feet Organic remains are generally wanting, 
though footprints and worm tracks are occasionally met with, and the 
leaves, cones, and wood of coniferous plants have been found in beds 
considered by Professor Harkness to be the equivalent of the marl 
slate which overlies the Penrith sands at Hilton In the red sand 
stones of this age at Corncockle Muir, near Dumfries, very distinct foot 
prints occur in great number and variety No bones of the animals 
which they represent have yet been discovered, but a cranium of 
Da<!ycq)<i has been found further south 

Angular Jircccia<t in Lower Pemiian A staking feature in 
these beds is the occasional occurrence, especially at the base of the 
formation, of angular and sometimes rounded fragments ot Car 
boniferous and oldei rocks of the adjoining distiicts These aie 
included in a red matrix Some of the angular masses are of huge 
size These breceiated conglomerates are well seen in the Abberley 
Hills, where they are 400 feet thick 

Sir A Ramsay refers the angular form and large size of the frag 
ments composing these breccias to the action of floating ice in the 
sea The angular masses oi rock, sometimes weighing more than 
half a ton, and lying confusedly in a red unstratified marl, like stones 
in boulder drift, appear in some cases to be polished, striated, and 
furrowed like erratic blocks in the moraine of a glacier They can 
be shown, in some instances, to have travelled from the parent 
rocks, thirty or more miles distant, and yet not to have entirely lost 
their angular shape 


The monograph on Permian 
fossils, by the late Prof King, 
contains figures and descriptions of 
the chief British Permian forms of 
life The plants have been de 
scribed by Von Gutbier and other 


palffiophytologists Dr Waagen’s 
memoir on the Salt Range fossils, 
published by the Geological Survey 
of India, must be referred to for 
figures and descriptions of the very 
remarkable marine forms 
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CHAPTER XXI 

THE CARBONIFEROUS SYSTEM 

Succession of Stratain the Carbonih rous System— Carboniferous Forammi 
fera and Corals, Echinodermata, Brochiopoda, Lamellibranchiata, 
Gastropoda and Cephalojioda of the Period — Carboniferous Fisliesand 
AmphiDians— The Carboniferous Flora— Peculiarity m Mode of Growth 
of the Cryptogams of the Period— Perns, Calamites, Lepidodendra, Ac 
— Land shells and Insects of the Carboniferous Period — Carboniferous 
Strata of Britain — Coal measures — Millstone Gnt— Carboniferous 
Limestone and Yorcdalo Senes — Tuedian Senes— Scottish Carboiiife 
rous— Caiciferous Sandstone Senes — Mode of Formation of the Car 
boniferous Strata — Coal seams, Ironstones, &c —Marine and B’resh 
water Strata of Carboniferous 

Womenolstare and Claislfloation of the Carbonlferont 

strata.— This system of strata has received its name from the 
circumstance that, m Western Europe and the United States, 
most of the productive coal seams occur among deposits of this 
age The beds of coal vary m thickness from an inch, or even loss, 
up to thirty feet or more, and alternate with various thicker strata 
of sandstone and shale, with occasional bands of limestone and 
argillaceous ironstone Such assemblages of coal bearing strata 
are called by the old English miners’ name of ‘ coal measures ’ 
The coal measures are usually found occupying basin shaped 
hollows, owing to their having been thrown into synclinal curves 
by great earth movements The intervening antiolinals having 
been removed by denudation, we often find the coal bearing 
strata forming isolated patches, which are known as ' Coalfields , ’ 
but these must not be mistaken for lake like depressions m 
which deposition has taken place The coal measures some 
times contam marme fossils, at other times brackish water 
forms, and sometimes purely freshwater ones The remams of 
land plants occur m the coal itself, and m the sandstones, shales, 
and ironstones alternating with the coal , m the same strata we 
occasionally find the remams of freshwater amphibians, fish, 
crustaceans, land shells, and even oi insects 

The coal measures alternate, however, with thick deposits of 
limestone, shale and sandstone, which abound with purely 
marme types of life 

In South Wales and the Bristol and ^toiersetshire coal fields 
the general succession of strata m the ds’bomferons system is 
as follows:— 
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Upper senes of sandstones, shales, 
and 26 coal seams 
Pennant grit and 16 coal seams 
Lower coal measures with iron 
stone and 84 coal seams 
A coarse quartzose sandstone used 
for millstones 400 feet shale 
called ‘ Farewell Rock ’ 

A calcareous rock containing mapne 
shells, corals, and encnnites 
Thickness variable 2,000 feet 
Lower limestone shale 400 feet 

This threefold division of the Carboniferous is a purely local 
one, however When we pass southwards into Devonshire, we 
hnd thick masses of strata (the Culm measures) containmg 
carbonaceous matter but no workable seams of coal As we 
proceed northwards we hnd that, though the general distinction 
between the arenaceous division m the middle of the senes 
(Millstone grit) and the strata above and below it respectively 
can still be recognised, the distribution of productive coal seams 
IS remarkably different In Yorkshire thin seams of coal are 
found in the midst of the Millstone grit series, and in the Lanca 
shire and West Yorkshire district the Carboniferous Limestone 
Senes is broken up into alternations of limestones, shales, and 
sandstones with some beds of coal, known as the Yoredale 
Series Further north, m the parts of Northumberland near the 
Scottish Border, we hnd coal beds present right down to the 
base of the Carboniferous Limestone division, forming the 
Tuedian Series, while m Scotland itself similar coal seams are 
found from top to bottom of the Carboniferous system, and even 
in the great masses of sandstone (Calciferous Sandstone) which 
there underlie the representatives of the Carboniferous Lime 
stone 

It 18 worthy of notice that the highest strata of the Carbo- 
niferous (the Coal measures) in the coal fields of the West of 
England (Warwickshire, Staffordshire, and Coalbrook Dale) rest 
directly upon the older rocks, no representatives of the Carbo 
niferous Limestone division having been deposited in that area 
In Ireland, on the other hand, the lower portion of the Carbo- 
niferous series (Carboniferous Limestone and Carboniferous 
Slate) cover wide areas, while the upper members (the Coal- 

^ It will be seen that the term member, as some of the coarse 
coal measures ’ is used not only for sandstones were at one time used 
any assemblage of coal bearing for millstones, and the name 'moan 
strata, but as a distinctive name tain limestone ' to the lowest mem- 
for the highest member of the Car- ber, from its forming the mountains 
boniferouB senes The term ‘ mill of Derbyshire and t&e West Riding 
stone grit’ is given the middle of Yorkshire, 


1 Coal measures ^ 

2 Millstone gnt 

8 Carboniferous or Mountain lime 
stone 
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measures) were either never deposited, or have been almost 
entirely removed by denudation 

In some areas the coal fields are bordered by great faults, 
m others they are buned under masses of Permian and other 
younger strata Where these covering strata are not of too 
great thickness, the coal beds are reached by sinking shafts 
through them 

A great ndge of ancient rocks including infolded basins of 
Coal measures extends under the Meso/oic strata of the East 
and South east of England, and has been reached by borings 
at several points (Burford, Northampton, Harwich, and Dover) , 
the same strata reappear in the North of France and the 
South of Belgium, the coals being worked by shafts put dovv n 
through the Chalk or other Meso/oic formations 

Gharacterlstlcf of the Carbonlferons Fauna and Flora 


The marine fauna of the Carboniferous, vvhicli is found espe 
ciallj in the thick limestones in the lowir pait of the senes is a 
very rich one 

Among the Foraminifera we find that living genera like 
Textuhina and Nodosana are mingled with 
extinct forms like Endothyra and Fumlma 


The forms of the last mentioned genus are par 


ticularly noteworthy , the> are fusiform bodies, 


/vsuiim^iindrtca about the 81/6 of a gram of barley, which some 
Mapinficd t diarn times build Up massive limestone rocks in 


Russia, Asia Minor, Japan, and North Ameiiea 
These Fusiilma limestones of the Carboniferous 


resemble the Nummulite-limestonesof the Eogene, and, indeed, 
the two genera Nummulma and Fusuhna have close affinities 


with each other 


The Corals were, dunng this period, represented only by 
forms of the now extinct Tetracoralla (Rugosa), the Hexa 


coralla of the Mesozoic and Tertiary rocks and of our modem 
seas having come into existence m later times than the Car 
boniferous Many remarkable examples of these Rugose corals 
are found in the Mountain Limestone, among which may be 
mentioned Amplexus, Lonsdaleia (hg 479), Lithoetrotwn (hg 
478), Zaphrenha, &c 

Other coral like forms of this system are referred to the 
extmet order of the Tabulata (Monticuliporida), which appear to 
have relations both with the Bryozoa and the Actmo/oa 


Among the Echmodermata many forms of Cnnoidea abound, 
their ossicles often making up great beds of limestone (Entro 
chial limestone) These PalsBOZoic Cnnoids, like Achnoermua, 
Cyathoermua (figs. 480, 481), Platycrmua, &c , differ m many 
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Fig 476 

Palceozoic type of lamelliferous cup-shaped Coral Order Tbtbacoralla. 
a Vertical section of Ciothophyllum Jleruotum, 

Goldf , 4 nat size from the Devonian 
of the Elfel The septa are seen aronnd 
the inside of the cup the walla consist of 
cellular tissue and large transverse plates, 
called tahulcp dmdo the intenor into 
chambers 

h Arrangement of the septa in Polyetelia pro 
Oermar ‘<p nat size from the Wag 
nesian T imestonc, Durham This diagram 
shows the quadripartite arrangement of the 
primary septa eharaotenstic of palaeozoic 
corals there being 4 pnncipal and 8 inter 
mcfliate 1 vmellTB thi whole number in this 
type being always a multiple of four 
c Staunn eutTfriformis Milne Fdwards Young 
group nat sire Silunan, (lOthland The 
lamellfB or se[)t i in each cup are divided 
by four prominent rirlges into four groups 



Fig 477 

\iozoic type of lamelliferoiis cuji-shaped Coral 
a /nra*mihn centmU^ Mantell sp Vertnal sec 
lion nat size Upper (hallt Gravisend in 
tills t}pe th( huiwlla extend to tin. colimulla 
lomposed of loose (cllular tissue, and then in 
110 

h I aryophyllui Bovrrbnnku Fd and Ff Transverse 
boction enlarged (jault, Folkestom In this 
coral the prlinarv septa are a multiple of six Tlie 
SIX primary and six secomlary septa reai h the 
columella and lietwcen each pair of long septa 
there is a tertiary septum with a quaternary on 
either aide, in all forty-eight The short inter 
medi ite plates which proce*ed from the columella 
an < alleil poll 

e funiftn patcllaru, Lam Recent very young 
state Diagram of its sit primary and sit secon 
dary septa, magrnflcil 


Ordc) Hytycoueiu 



Fig 478 



Lithoslrotum basalUfonne, Phil ap J 
England Ireland Riussia Iowa, 
and westward of the MisaiMsippi, 
United States. 


Fig 479 



LontdaletaJlon/oiiHh Mart sp J 
a Young specimen witli buds or coral 
Iites on the disk illuhtrating ealicular 
gemmation b Part of a full grown 
compound mass 
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important points of their structure from the living Cnnoids and 
those of the Camozoio and Mesozoic times 

A remarkable extmot order of Echmodermata, the Blastoidea, 
IS represented by many forms of Pentremites (fig 482), Grana 
tocnnus, &c , while the ordinary Echini are replaced by the 


Pig 480 



CycUhnet wu< planm^ 
Miller 

Body and arms 
Mountain Lioiestouc 


Fig 481 



Cynthocnnui carpocrtn<nde$ M‘ro> 


a Surfiue of one of the joints of the sUm 
b I’tlvm or (Mxly callwi also caljxor cuji 
f One of tilt jitlvic plates 


curious extinct order Palaschmidea, including Palcechinus (fig 
488), Archceoetdo/rts and Melonites, m which we find the 
ambulacra not separated by two rows of plates, as m all the 
living and Mesozoic forms, but by five or more rows 

Bryozoa are very abundant in some portions of the Carbo 
mferous limestone of England and Scotland The most 

Fig 48J Hg 4«J 



bhirt, dt- Limestone Ireland 


abundant genera are the extinct ones, Fenestella, Polypora, 
Dtastopora, and Olauconeme 

Among the Brachiopoda, Productua (hg 484) is the most 
abundant genus in the Carboniferous , but man^ forms of Sptn 
fera, both ribbed and smooth types (figs 485, 486), occur with 
species of Ghonetea^ Ortha, Mhyria, Uhynchonella, &c. The 
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oldest form of Terebratula (fig 487), a genus so characteristic 
of the Mesozoic, is found in the Carboniferous 

The Lamellibranchiata, which are present in much smaller 


Pig 484 



Proiuctui temxrHiculatus, Mart sp ^ 
Carboniferous Limestone England 
Russia the Andes, &c 


Fig 486 



Spinffra glabra Mart sp 
} Carboniferous Lime 
stone 


Fig 485 



Spirifera trigonalU, Mart sp , 
nat size 

Carboniferous Limestone 
Derbyshire, &c 


Fig 487 



Terebratula hasfnta, Sow , f, with radiating 
bands of colour Carboniferous Lime 
stone Derbyshire Ireland , Russia, <fco 



Avieulopecten papyraceus, Aviculopteten sublobaiiu, Pleuretomaria earinata 

Ooldf, J Phill nat size. Sow,| 

(Pecten papytaceut, Sow ) Carboniferous Limestone {P Jtammigera, Phill ) 
Derbyshire, Yorkshire Carboniferous Limestone 
Derbyshire, Ac 

numbers than in younger rocks, are principally represented by 
purely Palseozoio genera like Av%culo;pecten (figs 488, 489), Cono> 
ctprdmm, Cardtomorpha, Edmondta, Anthracosia, Cypnear- 
dimat Posidonomya, &o. 

• A A 
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With a few Mesozoic types of Gastropoda, Naitea, Pleuro 
tomana (fig 490), Chiton, kcs , we find great numbers of extinct 
Palaeozoic types, which have usuaUy entire (holostomatous) 
apertures, such as Macrocheilut, Loxonema, &c , and also the 


a Pijr 491 b 




Euomphahn pentanqtdatm, So% , f Mountain Lfme'itonc 
a Upper side b Lower or umbll foal side c View sliowng mouth, 
w Inch is loss pentagonal in older individuals 
</ View of pohshel section, showing inttnial cliainliors 


Fig 49) 


Fig 492 



Bellerophon tottatw, 
Bow nat size 
Mountain Limestone 


Portion of OrlhovfraH 
latnaU PliiU , ^ 
Mountain Limestone 



remarkable Euomphahis (fig 491), a Gastropod with its shell 
divided by imperforate septa, and Bellerophon, which probably 
belonged to the Heteropoda 

The Cephalopoda of the Carboniferous (jre of great interest, 
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and present a remarkable contrast to those of the Mesozoic 
rocks The persistent Nautiloidea are found, hut represented 
by various subgenera with channelled or tuberculated shells, 
while the forms of straight or slightly curved forms, Orthoceras 
(fig 493), Cyrtoceras, &c ,are very abundant True Ammonites 


Hg 4»4 l.,g 495 



Pliill , ^ Ooniithtfs listen Alait f 

Moiintvin ImiotoiJ* Coilinianre^ Yorkihire 

N Aintnca Untim , Ocrminv tc ind 1 iiu ishiu 

M iHterilvuw 

h h Mint vuw, ‘'Iiowint, till numtli 

are quite unknown but the group of the Ammonoidea is repre 
sented in the Carboniferous by many forms of Guniatites (hgs 
494, 493), some of which are of simple structure and allied to 
the older Devonian types, ivhile others begin to show the greater 
complication of lobes indicative of the latei Ceratites 


Fif, 4% Fig 497 



II Mtuoiomhu (S/Hioibis) fepniiitia in/!iiln \f ii rc h >p 

cai him mill Miinli V it sut iinl iii it,mtieil 

Nu SI/C irid miiKinrttil A < iirboaiftnui^ Ostmi cmI 

h Vjin( t\ of Mtui 

The Vermes were represented by the minute Mieroconchus 
{Spirorhis), which is often found attached to fragments of the 
vegetation of the period which had floated m the ocean 

Among the Arthropods, a few Decapod Crustaceans aie found 
m the Carboniferous, with numerous Limulids {Piestivickia, 
Behnurus, &c ), and some Phyllopods, Isopods, and Ostracods 
Many limestone bands in the Carboniferous system are 
» AAa 
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fonnd to be completely made up of the remams of these minute 
bivalve Crustacea, and the surfaces of many of the shales are 
covered with them Among the genera which occur in the 
greatest abundance are Leperdiha (fig 497), Carbonta, Bey 
rtchta, Cytherella, and Ktrhhya 


Mg 498 



Ptammodus porotui, Ag B<ino bed. Mountain Limestone 
Bristol, Armagh 


The sole survivors of the abundant Tnlobites of the older 
systems are the genera PkilhpaM, Gnffithides, and Brathyme 
fopu8, the first mentioned of which survived to Permian times 
Of the fish of the period we find numerous remains in the 
fine spines (ichthyodorulites) and palatal teeth of the Selachians 
PaemmoduB (fig 498), Cochhodus (fag 499), Orodus, Gyra 
canthuB^ CtenacanthuB, &c 

Heterocercal ganoids, like Palaouucm, Acrolepu, &c, 
abound, while forms of the Dipnoi (CtenoduB) are also found 
Amphibians are represented by a few early types of Stego 
cephala, a group which attamed such a remarkable development 
in Permian and Triassic times, 
while Reptilia and all higher 
groups are unknown in the Car 
boniferous 

It 18 , however, the Terrestrial 
flora and fauna of the Carboni 
ferous which are of such great 
geological importance Interest 
attaches to the Coal measure 
flora not only on account of the 
remarkable differences which 
it presents, alike from the 
Mesozoic, the Camozoic, and the existing floras, but from the 
circumstance that it is the oldest assemblage of land plants of 
which at present we have any knowledge 

Although many of the Carbomferous plants are only repre 
sented by casts and impressions or thin coaly films, often showing 
the outer markings on bark or leaves with great fidelity, yet the i 
mternol structure of many of these ancient plants has been very 
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fully investigated by the late Professor W 0 Williamson and 
other botanists The manner in which this is accomplished is 
by making thin sections of the ‘ coal balls,’ or masses of woody 
tissue impregnated with calcium carbonate, which are found in 
some beds of coal, and comparing these with sections of hvmg 
plants under the microscope One of the chief difficulties m 
studying the ancient plants of the Carboniferous period arises 
from the curcumstance that we only find detached portions of 
many of them, and it is now known that the bark, leaves, root, 
stem, pith, and fructification of the same coal plants have often 


Fig 500 



Fragment of coniferous wood, Da 
doxylon, End], fractured longi 
tudmally, from Coalbrook Dale 
W 0 Williamson 
a Bark 

5 Woody zoue or fibre (pleuren 
chyma) 

c Medulla or pith 
d Cast of hollow pith or ‘Stern 
bergia ’ 


Fig 601 



Tngonocarpon ovatum, Liiidl 
and Hutt 

Peel Quarry, Lancashire 


tarn 



Tngonoearpon olw<^forme, Lindl , 
with its fleshy envelope. Felling 
Colliery, Newcastle 


been referred to as many distinct genera Such mistakes can 
only be rectified when we have the rare good fortune to find 
these various parts of the plant united in the same specimen 
So far as is at present known, there were no forms of vege 
table life present m the Carboniferous higher in the scale than 
the Comfers Numerous varieties of wood like the Dadoxylon 
(fig 600), Araucarioxylon, Ac , are found havmg the characteristic 
exogenous structure of the Conifers, with the peculiar pitted 
vessels of that group The fossil frmts so abundant m some 
parts of the Coal measurea,andknown as Tngonoearpon, have the 
very closest analogy too with the fiiut of the Ginko (Sahdbuna), 
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(a remarkable genus of the Yew tribe having some aflSmties with 
the Gnetaceae), of which the leaves are found in the Penman 
Other forms of Gymnosporms found m the Carboniferous are 
more doubtful in their relationships In some silicified fruits 
occurring in the Carboni 
^ ‘ fcrous of Fiance , Brongniart 

showed that we haie a cun 
ous combination of charac 
tors now found m the groups 
of the Cvcads, tlie Coniferfi, 
aiul the Gnctacea , and it 
IS not improbable that the 
earliest plants of tins group 
were synthetic tjpes, in 
which the differentiation of 
characters found in existing 

(atdiociupon /indict, Cirr (inthohthet, 

Luid ) Coal uieuHures, Falkirk ^Orms did not exist 

Cordaites with large 
simple parallel veined leaves is referred to an extinct order 
which 18 believed to ha\e been related to the existing Cjcads 
With the exception of these aberrant Gymnosperms,tho plants 
of the Carboniferous period appear to have belonged to the Crypto 
gams, or plants propagated by means of spores borne of them 
were homosporous (like Lycopodium), and others were hetero 
sporous (like Selaginella), but nearly all of them presented a re 
markable peenhanty in their mode of growth which distinguishes 
them from all living Cryptogams While all living Cryptogams 
are ‘ Acrogens ’ and grow b> additions to then summit only, the 
Cryptogams of Carboniferous times were able to increase by an 






exogenous growth like the Conifers and the higher dicotyledonous 
plants In all of these we have a bark and pith, united by 
plates of cellular tissue known as * medullary rays,’ between 
which the wedge like masses of woody tissue are developed 
Each year a layer of ‘ cambium ’ is formed between the woody 


CH XXI ] CAEBONIFEROUS CRYPTOGAMS 


859 


axis and the bark, and thus an addition is made to the diameter 
of the trunk It has now been fully demonstrated that this 
mode of growth was followed by the Cryptogams of the Car 
boniferous period, and in consequence of this peculiarity they 
were able to assume the characters and dimensions of great 
forest trees 

The exact analogies of many of the gigantic Cryptogams of 
the Carboniferous are still very doubtful Many ferns un 
doubtedly existed, some of which attamed the size of the largest 


tig 



Limit tat ftni'i of tliffercut geiitra (Ad Jlroug ) 
tig 50 j Trit‘-ftrn from Tsleof Uoiirbon 
tig S(H) Cyu/fieii i;laiic(i Uorg Uuuritmi 
tig oU7 Tree-terii from liiazil 

tree ferns In the Carboniferous ferns we find the character 
istic venation of the leaves or fronds , similar arrangements of 
the spore cases upon them , and the same vernation, or mode 
of rolling up of the leaves, which are found m existing forms 
The trunks of these ferns are often marked by scars, as m 
Cmloptens (hg 509), and they frequently exhibit aerial root like 
stems, like Psaronius Some at least among them appear to have 
had the same exogenous mode of growth that distinguished the 
other primitive Cryptogams of the period Williamson and 
Scott have recently described synthetic forms mtermediate be* 
tween Ferns and Cycads 

Another group of Carbomferous Cryptogams is believed to 
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have been related to the insignificant Equisetace® of our ponds 
and ditches These Calamttea, however, exhibit the exogenous 
mode of growth and attained to vast dimensions Often only 


Fig SOS Fig o09 



Calamitu SmowH, Brong , Stem of fig 510, as restored by Eadical termination of 
natural size. SirW Dawson aCalamite 

Common in coal throughout Nova Sootia 

Europe 

the oast of the mtenor is preserved in a fossil state, though 
sometimes the woody matter remains redpced to a thm shell of 
ooal 
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Masses of whorled leaves referred to the genera Annulwna 
(fig 51S), Sphenophy Hum {hg 51i), md Asteroph/ylhtes {&g 516), 
are believed by some botanists to have belonged to plants with 
Calamite like stems, but the reasons given for the identification 
are not m all cases satisfactory 

The greater number of the gigantic Cryptogams of the 
Carboniferous period appear to have been related to the existmg 


Fig 613 Pig 511 



Annularia tpftenophylloidfs, Zenk Sphenophi/lliim erovm, Lindl 

and Uutt 


Pig 616 . 



Aiterophflhles/olmut, Lindl and Hutt 
Coal measures, Newcastle 


Lycopods and Selaginellas But while these modern plants 
usually creep along the ground and the erect forms are only a 
few mches m height, the Lepidodendra of the Carboniferous 
formed great trunks nsmg to a height of forty or fifty feet and ex 
hibiting an exogenous structure The ancient forms exhibit a 
dichotomous mode of branching and the peculiar scars on their 
stems which mark the position of the leaflike appendages. 
But what is of more ynportance to the botanist is the oiroum* 
stance that we find the ftuits or cones {Lepidoatrobus) some- 



Lfpidodendron 8(ernbergii, Bruiig Coal ujuwures, iitar Newcastle 
Fig 517 Brandling trunk, 49 feet long, supposed to have belonged to L &tenthetijtt 
(Foss Ho 203) 

Pig 618 Branching stem with bark and leaflets of /, Sternbergii,^ (Jfosa Flo 4) 
Fig 519 Portion of same nearer the root Natural size (Ibid ) 


Other closely related forms, presenting a different pattern of 
leaf scars, have been called Sxgillcma , but it is very doubtful 
if the form and arrangement of the leaf scars constitute a safe 
basis of classification in these ancient forms of vegetation 
The steins of both Lepidodendra and HigiUanas are some* 
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In considering the terrestnal flora of the Carboniferous 
system, it must be remembered that the plants preserved in a 
fossil state are nearly all such as would grow in marshy flats 
524 like those found in the deltas of great 

nvers Of the plants that may have 
flourished in the higher ground at 
the same period we have compara 
ti\ely little knowledge, but in some 
surface of another of the beds of Carboniferous Sand 

same species, showing form of stone great trunks of Comferous trees 
tubercles length have been 

found, occupying an inclined position , these were probably trees 
that had been carried down by rivers and formed ‘ snags ’ like 
those seen in the Mississippi at the present day Among plants 
found m a fossil state, purely herbaceous forms would have little 
chance of being included That even the lowly cellular plants, 
represented by delicate filaments, existed in the Carboniferous 
period 18 proved by the circumstance pointed out by the late 
Dr P M Duncan and other authors that the calcareous organisms 
of the Carboniferous (Corals, Echmoderms, and Mollusca) are 
often foimd to be penetrated by 
fine cavities produced by these 
pf rasitic algae 

The terrestnal fauna asso 
ciated with this remarkable flora 
of the Carboniferous is of great 
interest, though as yet very im- 

Fig 620 


Fig 625 




I’upa tftasta, iMw 
a Ntituml silt 


/onitet {Cmulm) pru(Vf, C8ri»ciit» r 
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perfectly known In Nova Scotia Sir J W Dawson has dis 
covered m the hollows of old tree-trunks representatives of the 
oldest known land shells (pulmoniferous gastropoda) which have 
been referred to Pupa (fig 626) and Zomtet (fig 626) And asso 
ciated with these remains of the oldest Mynapoda are Arachmda 
(Spiders and Scorpions) ; while many forms of insects abounded 
m the Carboniferous. Some of the insects were closely related to 

1 
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the Coleoptera (Beetles), the Orthoptera (Cockroaches, Cnckets, 
&c ) (fig 627), the Neuroptera (Ants, &c ), and other hving orders , 
but others seem to have been curious synthetic types for which 
naturalists have been compelled to establish new orders 


Xvlobttu Siqillnnae, Dawwn Coal, Nova Scotia and Great Britain 
a Natural s.ize b Anterior part, tnagniCeil e Caudal extremity, magnified 

Air breathing vertebrates were probably represented m the 
Carboniferous by Stegosauria (Labyrmthodonts) of very simple 
structure, like the Dendrerijeton of North America, and the 
Archegosaunis (fig 629) and other European forms 

Of some of the latter not only the skeletons, but impressions 
of the skill have been descnbed by H von Meyer (fig 530) 




Wing of a Grasshopper, Orylhurii luhanthraca, Goldenb , 
nat size Goal, Saarbrllck, near Treves 


In North America footprints of animals of considerable size 
are sometimes found on the surfaces of sandstone slabs that are 
also traversed by sun cracks The footprints were probably 
those of aur breathmg animals, possibly Amphibians, like those 
of which the bones have been found It is interesting to notice 
also that the Carboniferous rocks present examples of ram prints 
and worm tracks, exactly similar to those which can be seen on 
muddy shores at the present day (figs 631-632) 

British representatives of the Carboaiferons Strata.— 

The rapid changes m the thickness and characters of the British 
Carboniferous have been already referred to . In Devonshire we find 
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what 18 known as the ‘ Culm faoies ’ of the Lower Carboniferous, 
consisting of alternations of hard shales, impure limestones and grey 
wack^s, with much carbonaceous matter, but no useful coal beds In 
the south western group of coal fields (South Wales, Bristol, and 
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Archfigomuruf minor (loMf Fossil Aniiiliiltuiii from 
tin Coal mt W'Urert, ''aurbrlh k 


I* IK ft3U 


liubniHtf*! covtniig of akin of 
ArchtijoMurus mdtm, (mldf 
Magnilltsl 

Somerset, Forest of Dean, and Mendip Hills) the Lower Carboniferous 
strata are of moderate thickness, while the upper beds of the system 
(Coal measures) attain an enormous thickness The strata, which are 
often much bent and fblded, include man^ coals poor in hydrocarbons 
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(steam coals) and also anthracites These coal fields present a close 
analogy with those of Northern France, Belgium, and Westphalia In 
the Midland coal fields (Staffordshire, Warwickshire, Leicestershire, 
Coalbrook Dale, <fec ) the Lower Carboniferous is generally absent, and 


Fig 631 



alt OHO •’ixth tlif* original 

Slat) of saniistone from the Coal measiirei of Pennsylvania with footprints of 
air bre ithiiig amphibian ami casts of cracks 


the Coal-measures rest directly upon the older rocks In the York 
shire and the Lancashire and Cheshire coal fields, the Lower Carbo 
niferous attains a great thickness, consisting of purely marine strata 
(Carboniferous limestone and shale) in the southern part of the area, 
which alternate with more and more freshwater and terrestrial beds 
» 
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as we pass northwards In Scotland estuarine beds with coal are 
found from the top to the bottom of the senes, and even in the 
arenaceous division (Calciferous sandstone) which in the northern 
part of Great Britain forms the lowest member of the Carboniferous 
system 

Pig 632 Pig 633 



Pig 832 Carboniferous rain prints with worm tracks (a, 6) on green shale, from 
Cape Breton, Nova Scotia Natural size 

Pig 883 Casts of rain prints on a portion of the same slab (fig 632), seen to project 
on the under side of an incumbent layer of arenaceous shale Naturalsize 
The arrow represents the supposed direction of the shower 


Oeneral notice of tbe 
dlTlf Iona,— The Goal measures 
of the North of England differ, to 
a certain extent, from those of the 
southwest, but a typical senes 
would mclude the following strata, 
beginnmg at the top 1 Bed and 
grey sandstones, clays, and some 
Lmes breccias, with occasional coal 
seams and streaks of coal and 
S^orhu limestone with Leper 
mha mflata, Murch sp 2 Middle 
coals, yellow sandstones, clays, and 
shales, with numerous workable 
coal seams resting on fire clays fos 
Bils, Anthracoaia, Anthracomm, 
Beynchia, Bsthena, Sptrorota 
8 Lower beds, ganmster beds, fiae 
stones, shales, and thin coals, wi^ 
hard siliceous layers beneath the 
coal seams Flagstones inter 
colated Fossils, Aviculopecien, 
Lingula, Goniatites, OrtKoceras 
Bone bed, with fish and Laby 
rmthodonts 

In Scotland the equivalents of 
the uppermost beds above men 


tioned are probably a red sand 
stone group without coals, over 
lying workable (flat) coals, and m 
the North west of England these 
beds are barren here and there, as 
at Wigan , but at Manchester they 
are important and coal beanng 
At Burnley, on the other hand, 
the beds are absent 

The Millstone grit, well seen m 
South Wales, is grandly developed 
beneath some Coal measures, and 
feebly beneath others, or it may be 
wantmg For along a line drawn 
from Shropshire through South 
Staffordshire and Leicestershire, to 
the Wash, a ridge of Paleeozoic 
rocks existed in Carboniferous 
times, on which little or usually no 
marme accumulation took place 
Hence the Coal measures at Coal 
brookdale, South Staffordshire, rest 
upon Silurian rock with a vei^ little 
or no ganmster gnt Intervening 
Tins ndge of old rocks, or 
* central barrier/ was a Car 
boniferouB land surface, and the 
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gnts collected on either flank, in 
creasing m thickness far away to 
the north and west, and attaining 
a thickness of 9,000 feet m North 
Staffordshire, 12,180 feet in South 
Lancashire, and 18,700 feet in 
North Lancashire 

The thickness of the grits at the 
edge of the Staffordshire coal field 
IS only 200 feet, and it is 3,000 feet 
in Western Yorkshire 

The grits vary greatly in their 
lithology Some are very rough 
and massive, others are fine bedded 
micaceous sandstones and flags, 
whilst the bulk are jointed or are 
strata of varying thicknesses, and 
with the grains distinctly visible 
All the sandstones are folspathic, 
and the grains are often united 
by a fdspathic matrix The area 
whence the grits came, carried by 
marine currents, was iii the north 
west Thin coal seams and coal 
plants are found m some places in 
the grits, and sometimes a marine 
fauna exists, including fossils of the 
same species as those found in the 
lower strata called Carboniferous 
limestone 

The grits are divided into the 
Rough Rock, or first grit, which 
underlies the lower Coal measures , 
the Flag Rock or Haslingdon Flags, 
or second grit, with shales and thin 
coal, the third grit of gritstone, 
flagstone shale, and thin coals, with 
marine fossils, the Kindorscout 
grit, or fourth grit this last forms 
the Peak in Derbyshire 

In Scotland the Moor rock, 
with thin seams of coal, is the 
equivalent of the English grits, 
and its very moderate thickness 
diminishes m Ayrshire, where it 
consists of a few beds of sand 
stone at the base of the Coal 
measures 

Carboniferous Limestone 
series — In Yorkshire there is a 
downward continuation of sand 
stones and shales, resembling those 
of the Millstone grits with inter 
calated limestones, some of which 
are thickly crowded with en 
crmites Phillips called these the 
Yoredale series, and they attain the 
thickness of from 800 to 1,000 feet 
in Yoredale The genera of marine 
fossils wluoh are found in these 


strata are Nautilus, Orthoceraa, 
Phragmoceras, Oomatites, Euom 
phalus, Bellero^hon, Productus, 
Spinfera, Phillipsia, Zaphrentu, 
&c , and these are common in the 
underlying carboniferous limestone 
Beds of thin coals occur in the 
lower Yoredale strata These 
strata are not found in the Centre 
and South of England, where the 
true Mountain or Carboniferous 
limestone exists 

This important limestone, well 
seen m Derbyshire, South Wales, 
and Somerset, is massive, well 
bedded, and light bluish, grey, 
reddish, or black in colour, and it 
may be either compact or crystal 
line The limestones are thickest 
whore the grits above are thinnest, 
and have suffered much denuda 
tion where they are at the surface 
The fossils contained in them 
are very numerous, and in some 
places encrinites compose much of 
the rock, whilst Foraminifera are 
equally abundant elsewhere The 
base of this important set of strata 
varies locally In South Wales 
and Somersetshire the lower part 
merges into a shale— Lower Lime 
stone shale— and this into bottom 
beds of yellow and green sand 
stones and marls with plant 
remains, and a bone bed with 
Placoid fish remains This rests 
on Old Red Sandstone In some 
parts of Yorkshire there are alter 
nations of sands and clays at the 
base with plant remains, and in 
the west of the county con 
glomerates form the base, and rest 
upon Silurian rocks— the Old Red 
Sandstone of the south west not 
being present Elsewhere, either 
the base of the limestone has 
not been seen, or it rests on very old 
rocks without the intervention of 
any beds of shale 

In Central England, where the 
other sedimentary beds are reduced 
to about 3,000 feet, the Carbonife 
loUB Limestone attains an enormous 
thickness, and, according to Mr 
Hull’s estimate, as much as 4,000 
feet at Ashbourne, near Derby To 
a certain extent, therefore, we may 
consider the calcareous member of 
the formation as having originated 
simultaneously with the accumu 
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lation of (he materials of grit, 
sandstone, and shale, with seams of 
coal, just as strata composed of 
mud, sand, and pebbles, several 
thousand feet thick, with layers 
of vegetable matter, are now m 
process of fonnation m the cypress 
swamps and delta of the Mississippi, 
while coral reefs are simultaneously 
forming on the coast of Florida, 
end in the sea of the Bermudi 
Islands For wo may safely con 
elude that in the ancient Carbon i 
ferous ocean those marine animals 
winch secreted calcium carbonate 
were never freelj developed in areas 
where the rivers poured in fresh 
water charged with sand or clay, 
and the limestone could only be 
come several thousand feet thick 
over parts of the ocean bod which 
were being slowly depressed, the 
water remaining perfectly clear for 
ages 

The Carboniferous Limestone, 
with its associated Yoredale senes, 
diminishes in thickness northwards, 
and undergoes remarkable changes 
in its lithology and fossils In 
Northumberland, beds of coal are 
found right down to the bottom of 
the representatives of Lower Lime 
stone and Shale, constituting what 
18 known as the ‘Tuedian Senes’ 
In Scotland Sir A Qcikie notices 
that the massive limestones dwindle 
down and are replaced by thick 
courses of yellow and white sand 
stone, dark shale, and seams of 
coal and ironstone Limestone 
beds are met with in thin 
sheets only The whole formation 
IS divided into the Carboniferous 
limestone and the underlying 
Calcif erous sandstones These last 
mentioned strata consist of red 
and yellow sandstones with many 
coloured marls, which pass jnsen 
Bibly into the Upper Old Red Sand 
stone beneath Tliey are very 
unfossiliferous, hut hphetwptenii 
affinm, Lradl , is common Above 
the red sandstones is the Cement 
stone group, of different coloured 
sandstones, shales, oil shales, and 
argillaceous limestones In the 
West of Scotland these beds are poor 
m fossils In the area of the Firth of 
Forth the Cement stone group con 
(ams ironstones, seams of oil 


shales, and sandstones , and these 
last contnbute to the building 
materials of Edinburgh The oil 
shales yield petroleum on distilla 
tion 

Amongst the limestones of the 
group are the Burdie House lime 
stones, composed of the tests of an 
Ostracod Crustacean, Leperditia 
Okentt Munst , and containing fish, 
of winch Megahehthys is a promi 
nent form 

Seams of coal occur, and one 
called the Houston coal is worked 
in Linlithgowshire Sphenopteris, 
Legndostrohv », Araucanoxylon, 
and Leptdodendron arc found in 
them 

The Carboniferous limestone 
group of Scotland probably repre 
sents the upper part of tlie English 
limestone m age, and consists of a 
few seams of encrmital limestone, 
shales, fire clays, and seams of coal 
The thickest of the limestones, the 
Hurlet, 18 in places 100 feet thick , 
it overlies a seam of coal and pyn 
tous shales, and above it are other 
important coal scams and iron 
stones These last contain marine 
fossils, and the coals have plants 
and fish remains and those of 
Labyrinthodontia Some of the 
limestone seams are very per 
Bistent over wide areas 

In Ireland the Carboniferous 
rocks of the North have their lower 
senes like the Scottish Calciferous 
sandstones But in the southern 
distncts then is a deep group of 
black and dark grev shales, impure 
limestones, and grey and green 
gnts with slates, which overlie 
the Old Rod Sandstone, and are 
beneath the base of the Carbom 
ferous hmestoiio This group is 
the Carboniferous slate Its age is 
not quite certain, it may be either 
the equivalent of the Lower lime 
stone shale of the South west of 
England or be part of the Devonian 
formation The Carboniferous lime 
stone covers a laige part of Ireland, 
and it ulternaies with sandstones 
towards the north 

Sepoaltlon of tbe Garbo- 
nlferou* formation.— It has 
been mentioned (p 868 ) that Coal 
measures rest upon Silurian and 
old rocks m some parts of the 
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central barrier This was the 
land of the age in the first instance 
The sea flowed in upon the Old Red 
Sandstone terrestrial area, north of 
the Bristol Channel, and to the 
north of the central barrier also, 
and the shales and sandstones of 
the lowest marine deposits accumu 
lated Further north there was a land 
vegetation , at times, during this age 
Sinking of the greater part of 
the area continued, probably along 
lines of fault, and a considerable 
depth of limestone was formed, and, 
as time elapsed, this became an 
arenaceous deposit in Yorkshire 
and northwards Here and there 
were land surfaces, and coal plants 
accumulated and formed coal In 
Scotland the depression persisted, 
but silting up of the sea floor, and 
volcanic disturbances and ejections, 
enabled the terrestrial surfaces to 
be formed over and over again Then 
came a long period of wear and tear 
of land, mostly situated m the north 
west, and the ago of tho Millstone 
Grit set in Even during its time 
there wore a few land surfaces 
which produced coal Subsequently 
the depression still continued, and 
the deep Goal measures accumu 
lated 

The amount of volcanic energy 
displayed was great at certain 
epochs of the Carboniferous age, 
and will be noticed further on 

Lastly, enormous curving and 
dislocation of the Carboniferous 
rocks, and great denudation of their 
exposed surfaces, took place Thou 
sands of feet of Coal measures were 
worn off before the deposition of tho 
Permian rocks, and subsequently 
It would appear that after tho depo 
Bition of the Coal measures, a thiust 
acted from north to south and south 
to north, forming great curvatures of 
the strata, the long axes being east 
and west Denudation occurred, 
and the Permian deposits accumu 
lated Then curving occurred m 
the opposite direction, the axes of 
the curved strata being north and 
south Hence more or less basin 
shaped areas were produced , and 
denudation wore off and displayed 
the edges of the underlying grits 
and limestones on the edge of the 
several basms 


The term Cool field is applied 
to an area where coal is visible at 
the surface at its edges or outcrops, 
or where it is not too deeply seated 
to be worked There are about 
twenty principal coal fields in Great 
Britain, and several smaller ones 
Some of these form complete basins, 
entirely circumscnbed by the lower 
members of the formation, others 
have one part of the basin visible, 
the rest being covered up by 
Permian or other strata, and the 
rest are bounded by faults 

Coal formed on land —In 
South Wales, where, as already 
pointed out, the Coal measures at 
tain a great but variable thickness, 
the sandstones and shales appear 
to have been formed in water of 
moderate depth, during a slow, 
but perhaps intermittent, depres 
Sion of the surface, in a region 
to which rivers were bringing a 
never failing supply of muddy sedi 
ment and sand The same area 
was alternately covered with vast 
forests, such as wo see in tlie deltas 
of great rivers in warm climates, 
which are liable to be submerged 
beneath fresh or salt water, should 
the land sink vertically a few feet 
In one section, near Swansea 
m South Wales, where the total 
thickness of the Coal measures is 
8,246 feet, we learn from Sir H de 
la Beche that there are ten prmci 
pal masses of sandstone One of 
these IS 500 feet thick, and the 
whole of them make together a 
thickness of 2,125 feet They are 
separated by masses of shale, vary 
ing in thickness from 10 to 50 feet 
The intercalated coal beds, sixteen 
in number, are generally from 1 to 
6 feet thick, one of them, which has 
two or three layers of clay inter- 
posed, attaining 9 feet At other 
points in the same coal field the 
shales predominate over the sand 
stones Great as is the diversity 
in the horizontal extent of indni 
dual coal seams, they all present 
one characteustic feature, m havmg, 
each of them, what is called its 
underclay These underclays, co- 
extensive with every layer of coal, 
consist of arenaceous shale, some 
times called fire clay, because it 
can be made into bricks which 
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stand a furnace heat They vary 
in thickness from 6 inches to more 
than 10 feet, and, as Sir William 
Logan pointed out, are character 
ised by enclosing the peculiar fossil 
plant called It was also 

observed that, while m the over 
lying shales or ‘ roof ’ of the toal, 
ferns and trunks of trees abound, 
without any Shgmana, and are 
flattened and compressed, those 
singular plants of the underclay 
most commonly retain their natural 
forms, unflattened and branching 
freely, sending out their slender 
rootlets 111 all directions A num 
ber of species of Sttgmma were 
known to botanists, and described 
by them, before their position under 
each seam of coal was pointed out, 
and before their true nature as the 
roots of trees (some having been 
actually found attached to the base 
of bigillana stumps) was recog 
nised 

Now that all agree that these 
underclays are ancient soils, it 
follows that where we find them 
they attest the terrestrial nature 
of the plants which formed the 
overlying coal, winch consists of 
the trunks, branches, and leaies 
and spores of the iilants which had 
their roots in the clay The trunks 
have generally fallen prostrate m 
the coal, but some of them still 
remain at right angles to the 
ancient soils (see fig 64, p 60) 
Professor Goppert, after ex 
aminmg the fossil plants of the 
coal fields of Germany, has detec 
ted, in beds of pure coal, remains 
of every family of plants of which 
representatives occur fossil m the 
Carboniferous rocks Many seams, 
he remarks, are rich m Stgillana, 
Leptdodendron, and Stigtnana, 
the latter in such abundance us 
to appear to form the bulk of the 
coal In some places, almost all 
the plants were Calamites, in others 
ferns 

Between the years 1887 and 
1840, BIX fossil trees were dis 
I overed m the coal field of Lan 
cashire, where it is intersected by 
the Bolton Railway They were 
all at right angles to the plane of 
the bed, which dips about 15° to 
the south The distance between 


the first and the last was more 
than 100 feet, and the roots of all 
were embedded in a soft argilla 
ceous shale In the same plane 
with the roots is a bed of coal, 
8 or 10 inches thick, which was 
found to extend across the railway, 
to the distance of at least ten 
yards J ust above the covering of 
the roots, yet beneath the coal 
seam, so large a quantity of the Lem 
dostrohm vanabtl is, Lmdl , w as dig 
covered, enclosed in nodules of hard 
clay, that more than a bushel was 
collected from the small openings 
around the base of some of t& 
trees The exterior trunk of each 
was marked by a coating of friable 
coal, varying from one quarter to 
three quarters of an inch in thick 
ness, but it crumbled away on 
removing the matrix The dimen- 
sions of one of the trees is 15^ feet 
m circumference at the base, 7i 
feet at the top, its height being 11 
feet All the trees have large 
spreading roots, solid and strong, 
sometimes branching, and traced 
to a distance ot several feet, and 
presumed to extend much further 
In a colliery near Newcastle a 
great number ot specimens of ingil 
lana occur in the rock, retaining 
the position in which they grew 
Not less than thirty, some of them 
4 or 6 feet m diameter, were visible 
within an area of 50 yards square, 
tho interior being sandstone, and 
the bark having been converted 
into coal (See fig 65, p 60 ) 

It has been remarked that if, 
instead of working in the dark, the 
miner were accustomed to remove 
the upper covering of rock from 
each seam of coal, and to expose to 
the day the soils on which ancient 
forests grew, the evidence of their 
former method of growth would be 
obvious 

Where coal occurs on Gaunister 
—a gritty sandstone— there is no 
underclay, and usually marine re 
mams are found above the seam 
In this instance, the vegetation did 
not grow where it became mine 
ralised, but was carried by water 
power from some other locality and 
deposited 

The numerous coal seams oc 
curring one over the other, m a 
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lenea of often 10,000 feet of rerti 
cal measurement, indicate that the 
plants grew on a rapidly subsiding 
area, into which the sea occasionally 
penetrated 

There are also coal seams com 
posed of the variety known as 
‘ Cannel coal ’ (called also ‘ parrot 
coal ’ in Scotland, from the noise it 
gives out m burning), which ap 
pears not to have been formed 
directly from growing plants, but 
from the black peaty mud derived 
from their decay and partial de 
composition If the black muds 
formed by the bursting of peat 
mosses were to collect m hollows 
and undergo induration and cherai 
cal change, a material would pro 
bably be produced not very dissimi 
lar to Cannel coal The Cannel 
coals often contain a very large 
proportion of ash, and thus pass 
insensibly into the highly bitu 
minous shales known as oil shales, 
from the fact that when heated in 
retorts they yield various petro 
leum oils Many of these, like the 
rock of Torbane Hill (Torbanite), 
are of considerable economic value 
In some parts of the earth’s 
crust the destructive distillation of 
carbonaceous rocks has resulted 
from natural processes, and accu 
mulations of liquid hydrocarbons 
(natural oils) and of gaseous hy 
drocarbons (natural gas) have taken 
place Deep borings sometimes 
tap these accumulations, and then 
jets of oil or emanations of gas 
issue at the surface and can be 
collected and utilised for purposes 
of illumination and heating Some 
of these natural oils and gases are 
connected with the rocks of Car 
boniferous age, but others are found 
in association with strata of very 
different age 

Clay-ironstone occurs as 
bands and nodules or in thin layers 
in the Coal measures, and they are 
formed, says Sir H de la Beche, 
of ferrous carbonate mingled me 
chamcally with earthy matter, like 
that constitutmg the shales The 
nodules have generally formed 
around some organic object, and m 


some instances, like the Mussel 
band ironstone, the valves of a 
shell of a mollusc have been 
converted into ferrous carbonate 
Robert Hunt found that decom 
posing vegetable matter, such as 
would be distributed through all 
coal strata, prevented the further 
oxidation of the ferrous salts, and 
converted the peroxide into pro 
toxide by taking a portion of its 
oxgyen to form carbon dioxide 
Such carbon dioxide meeting with 
the protoxide of iron m solution, 
would unite with it and form a 
ferrous carbonate, and this min 
gliiig with fine mud, when the excess 
of carbon dioxide was removed, 
might form beds or nodules of 
argillaceous ironstone 

Marine bedg Intercalated 
inCoal-measuree —Inthocoal 
fields, both of Europe and America, 
the association of freshwater, 
brackish water, and marine strata 
with coal seams of terrestrial origin 
18 frequently recognised Thus the 
upper member of the Coal mea 
Burea noticed on p 868 was formed 
under brackish water and marme 
conditions The characteristic fos 
fills are a small bivalve, having 
the form of a Cyclas or Cyrem^ 
also a small Ostracod, Leperdi 
tia mflata, Murch , and the 
shell of a minute tubercular an 
nelid of an extinct genus called 
Microconchus (fig 496) allied to 
Spirorhs In many coal fields there 
are freshwater strata, some of which 
contain shells termed Anthracosia 
and Anthraemmja^ now referred to 
freshwater groups like the Vmo 
mdee of the present day, but m 
the midst of the coal series of 
Yorkshire and other districts we 
find thin and sometimes widely 
distributed seams abounding in the 
remains of fishes and marine shells 
like Orthoceras, Goniahtes Lis 
ten, Sow, and Amculopecten pa 
pyraceus, Goldf These facts show 
that in the estuaries in which the 
coal seams were probably formed 
the sea occasionally broke in and 
sometimes occupied the area for a 
greater or less length of time 
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A very full account of the 
several coalfields of the British 
Islands has been given by Professor 
Hull m his ‘ Coal fields of Great 
Britain ’ Puller details on many 
questions connected with the Car 
boniferous strata will be found in 
the Report of the Coal Commission, 


1871, and m the following Memoirs 
of the Geological Survey ‘The 
Yorkshire Coal field, ’by Prof A H 
Green, ‘The Leicestershire Coal 
field,’ by E Hull, ‘The Geology 
of Edinburgh,’ by H H Howell 
and A Geikie, and m the various 
English treatises on Geology 


CHAPTER XXII 

THE DEVONIAN SYSTEM 

Relations of the Devonian — Devonian Corals, Bracliiopoda, Cephalopoda, 
and Trilobites — The Devonian Pish and their Relationships to Living 
Forms — The Devonian Plora and its Relation to that of the Car 
boniferous— Devonian Strata of Devon and Cornwall— Upper, Middle, 
and Lower Devonian—Old Red Sandstone— Relations to Devonian- 
Proof of Freshwater Origin— Old Red Sandstone of Scotland, Lower, 
Middle, and Upper— Old Red Sandstone of England and Wales— Old 
Red Sandstone of Ireland 

iromenolature and classification of the Devonian strata. 

The name of Devonian wab first proposed by Lonsdale for the 
senes of strata underlying the Culm measures in Devonshire, 
the fossilb of which, as he showed, present many analogies with 
those of the Carbomferoub on the one hand, and with those 
of the Silurian on the other hand, but ai e clearly distinct from 
those of both these systems The fossils of the British Devon 
shire strata are, however, not very numerous, and are generally 
badly preserved , but in Central Germany, and especially in 
the Eifel district, rocks of the same age are found crowded with 
the most beautifiil and exquisitely preserved fossils Hence 
some authors have preferred to call this system of strata by the 
name of ‘ Eifelian,’ but the older term De\onian is now almost 
universally employed by geologists 

In most parts of the British Islands, however, we find 
between the Carboniferous and Silurian strata a series of 
red sandstones, with conglomerates, argillaceous beds, and im 
pure concretionary hmestones, which contam no marine fossils 
but yield the remains of fish, crustaceans, land plants, and, 
more rarely, of freshwater mollusca From their relations we 
may infer that these strata— which, from their position below 
the coal bearing rocks, are known as the Old Red Sandstone- 
are, speakmg generally, contemporaneous (homotaxial) with the 
Devoman marine strata This conclusion is confirmed by the 
fact that certain fish and crustaceans are common to the two sets 
of strata We thus find side by side beds of marine and fresh 
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water origin deposited during the same geological penod — the 
former constituting the Devonian and the latter the Old Eed 
Sandstone 

Characteristics of the Devonian Taunan ad Flora — In 

the Devonian strata we find not only those Obscure impressions 
which may possibly represent seaweeds, but well preserved por 
tions of gigantic Laminarians, to which the name of Nemato- 
phycus has been given 

Both m Devonshire and the Eifel, Corals are particularly 


Fig 534 




Fmontfs cemcorni^, Blainv , aat size 
S Devon, from a polished specimen 
A Tabulate Coral 

a Portion of tlio same magnifled, to 
show the tabula) and pores 


lig 535 



Ileliophyllum Halit, T' & 11 A llugoso 
Coral Multllo Devonian Alter 
Nicholson 


Fig 536 



Hdtolite\ porosa, Goldf sp nat size 
tt One of the coral! ites magnified 
Middle Devonian, Torquay Ply 
moutli, Eifel 


abundant, and they nearly aU belong to the group of the Tetra 
coralla (Rugosa) Among the common forms m the Devonian 
may be mentioned Favosttes (fag 5d4), various forms of Oyatho 
phyllids (like fig 5B5),Hehohtes{&g 6B6), andthe 

curious and highly characteristic operculate corals Calceola (fig 
687), which were formerly mistaken for Braehiopods With the 
true Corals are found many other coral like structures, hke the 
Monticuliponda, which are probably aUied to the Bryozoa, and 
the Stromatoporoidea, usually grouped with the Hydrozoa 
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The Graptolites, which are so abundant in the Older Palseo 
701C rocks, are only represented by a few doubtful forms in the 
Devonian 


Fig 537 



Caleeola tandahna, Lam , f Eifel also South Devon 
a Ventral valve h Inner side of dorsal valve 


The Crmoids of the Devonian period are rare in Devonshire 
but very abundant in the Eifel , they are distinct from, though 
closely related to, those of the Carboniferous In the Devonian, 
too, we find, side by side, forms of the Silurian Cystoidea and 
the Carboniferous Blastoidea 

Among the Brachiopoda we find many forms of Spinfera 
(figs 5dS, 5B9),Productu8, Ort}m,Athym, Atrypa, Chonetes^ka , 
with certain genera peculiar to the Devonian system, such as 
Strvngoceplialus {fig 640), f7'nat««(fig 5il), Bensselcena, Megan 
tern, &c 

Pig 638 



Spxri/era dtyuncfa, Sow , 1 
Syn flp VerneuUii, Murch 
Upper Devonian, Itoulogiie 


Fig 639 



Spirifera mticronata. Hall, nat size 
Devonian of Pennsylvania 


The Lamellibranchiata are represented by a number of 
genera, some of which are pecuhar to the system The genus 
Megalodon (fig 642) is an abundant and charactenstic one. 
Gastropods of Mesozoic afSmties, like PUv/rotomana, are 
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found mingled with forms like MurcTitsoma, which are abun 
dant in the Older Palaeozoic , while the Pteropoda, which are so 
abundant during the last mentioned epoch, are represented in 
the Devonian by Comilana (hg 643), Tentacuhtes, and other 


genera 


1 !£, 540 



Stnngotfphalns /lurttni, Def , J 
Valvps united h Interior of ventral or large 
valve, showing thick partition and portion of 
a large process whicli projects from the dorsal 
valve across the shell 


iig 541 



(Jnnti’s gryphus Def , j 
Miihlle Devonian 
b Devon and the 
Continent 


Fig 642 Pig 643 



Megalodon cucullalus, Sow Eifel , aly) Bradley, Conulana ormta, D Arch 
S Devon and De Vern, f 

a The valves united Refratli, near Cologne 

b Interior of valve, showing the large cardinal tooth 


Fig 644 



Clymenia linearit, Mttnst 
Fetherwyn, Comw^l , Blbersreuth, Bavaria 


Fig 546 

‘99 

EntomU serrato^triata, 
Sandb sp, Weilburg, 
Ac Cornwall Nassau 
Saxony Belgium 
a Nat size 
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Among the Cephalopoda of the Devonian we find, side by 
side with the Older Paleeo/oio genera like Orthoceras, Phrag- 
moceras, Cyrtoceraa, &c , the oldest Ammonoidea in the Gonia 
htesy and the remarkable and very characteristic genus Cly- 
mema (fig 544), which is confined to the Upper Devonian 
The Arthropoda of the Devonian include the Ostracod 
Entomu (fig 546), the bivalve shells of which are found cover 
mg the surfaces of many of the shales With the Eurypterids 
(usually found m the freshwater deposits of the period) we find 
a number of Trilobites, though these are no longer present m 
such numbers and variety as in the Older Palaeozoic formations 


Fig 640 



Phacops lalifrons, Broun, nat Broniew fiahellifer, Goldf Homalonotutarmatw, Bur 
size Characteristic of tlie meister, 4 Lower De 

Devonian m l-urope, Asia, Mid Devon S Devon vonian, Daun In the 
and N and S America and the Eifd Eifel , and 8 Devon 

Species of Phacops (fig 646), Bronteus (fig 547), and 
Homalonotus (fig 648), often distinguished by an abundance of 
spmes, tubercles, or other external ornaments, are particularly 
charactenstic of the Devoman fauna 

As already remarked, a few of the fish remains so abundant 
in the freshwater deposits of this age are also found associated 
with the marine fossils of the Devonian 

The freshwater fauna of this penod is a very interesting one, 
as it is the oldest known It includes a representative of the 
UmonidsB {Anodonta, fig 549), and a number of Crustaceans, 
includmgtheEuryptendsPftfry^ofw# (figs &50,fi^l)^Eurypteru8, 
Sltmonia, Ac The curious bodies known as Pa^ha decipienSf 
Flem (figs 552-554), are believed to be egg cases of some of 
these large Crustaceans 
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Parka dmpiens, Plem 
In sandstone of lower bods 
of Old Ked, Ley’s Mill, 
Forfarshire. 


Parka deeipieru, Hem , nat size 
In shale of Lower Old Park Hill, 
Fife 
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Fig 554 

Old Red Sandstone Shale of 
Forfarshire With impres 
sum of plants and ova of 
Crustaceans Nat size 
a Two pairs of ova (?) rcsem 
bling those of large Sala 
mandcrs or Tritouh— on 
the same leaf 
6, h Detached ova 


Most interesting of all are the remains of fishes found in 
these freshwater strata of Devonian age In addition to a few 
representatives of the Rays, we find very remarkable forms 
of heterocercal ganoids, in such forms as Cephalaspu (figs 665, 
656), Pteraspis, &c 

Fig 666 



Vephalatpii Lyellit, Ag Length 6^ inches 
From a specimen found at Qlamis, in Forfarshire 
(See other figures, Agassiz, vol ii table 1 a and 16) 
a One of the peculiar scales with which the litad is covered when perfect These 
scales are generally removed, as in the specimen above figured 
6, c Scales from different ports of the body and tail 


Fig 556 



Cep^laspit Lyellii, Ag Restoration (After Page ) 




Restoration of Osteolepts Pander Old Rtd Sandstone, or Devonian 
a One of the fnnged pectoral fins c Anal fins 

h One of the ventral fins d, e Dorsal fins 

arranged so as to form a ifringe round a central lobe, as in the 
recent Folypterua (see a, fig 657), a genus of which there are 
several species now inhabiting the Nile and other African rivers 
The reader will at once recognise m OateoUpu (fig 559), one cf 
the common fishes of the Old Bed Sandstone, many pomts of 
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analogy with Polyp terns They not only agree m the structure 
of the fin, as first pointed out by Huxley, but also in the posi- 
tion of the pectoral, ventral, and anal fins, and in having an 
elongated body and rhomboidal scales On the other hand, the 
tail 18 more symmetrical in the recent fish, which has also an 
Fig 680 apparatus of dorsal finlets of a very abnormal 

character, both as to nmnber and structure 
As to the dorsals of Osieolepis, they are two 
m number, which is unusual m living fish 
Among the ‘ fringe finned ’ Ganoids we 
find some with rhomboidal scales, such as 
Osteolepis, figured above , others with 
cycloidal scales, as Holoptyckius (figs 558, 
Scale of iMoptychia^ 560) In the genera Dipterus and Dtplo 
mbtiiswnus, Ag pterus. as Hugh Miller pointed out, and m 

Clashbinuio, i nat mzc ^ ^ ^ n 

several others of the fringe finned genera, as 

m Qyroptychius and GlyptoUpis^ the two dorsals are placed far 
backwards, or directly over the ventral and anal fins The 
Asterolepis (one of the Placodermata) was a ganoid fish of 
large dimensions A Asmusii^ Eichwald, a species character 
istic of the Old Bed Sandstone (Devonian) of Russia, as well 
as of the same rocks in 
Scotland, attained, ac 

T cording to Hugh Miller, 
the length of between 
twenty and thirty feet 
They were partly clothed 
with strong bony armour, 
embossed with starlike 
tubercles Asterolepis 
occurs also in the Devo 
man rocks of North 

Amongst the interest 
mg points which have 
been recorded about the 
ganoid fish. Professor 
Huxley has observed 

PlentJUhvs Agas&iz upper side showiiiL -i . t i e r i.u 
mouth as restored bv H Miller that, wllllc a feW of the 

Palaeozoic and the majo 
rity of the Secondaiy Ganoids lesemble the living Bony Pike 
(Lepidosteus)^ or the Amia, genera now found m North and 
Central American rivers, the Crossopterygidse of the Old Red 
are closely related to the African Polypterus of the Nile and the 
nvers of Senegal In 1870, a species of another genus of the 


IHentlUhvs Agas&iz upper side showing 
mouth as restored bv H Miller 
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GrossopterygidsB, Cemtodm Foraien, Krefft, was found living 
in the rivers of Queensland, Australia 

If many circumstances favour the theory of the freshwater 
origin of the Old Red Sandstone, this view of its nature is not 
a little confirmed by our finding that it is in Lake Superior and 
the other inland Canadian freshwater seas, and in the Missis 
sippi and African rivers, that we at present find those fish which 
have the nearest affinity to the fossil forms of this ancient forma 
tion 

The peculiar family of Crossopterygidte— of which we have 
a living example in the Polypterus of the Nile— had many 


Fife 562 



I'aliioph ) li hibei nua, Sohimp ( < y 
ilopteiif hibermca Ed Forbes) 
( iihantites, Gopp ) Upper Devo 
niau, Kilkenny 


Fig 563 



Bifurcating branch of LepiiMendton 
Gnjffukm, Brong Upper Devo 
man, Kilkenny 


representatives in Devonian times, mcluding such representative 
genera as HoloptycJnus (fig 558), Oateolepia (fig 569), Glypto 
lepia, &c 

Among the anomalous forms of Old Red fishes not referable 
to Huxley’s CrossopterygidcC, and which are even doubtful 
Ganoids, having many structures A\hich relate them to modern 
Siluroids amongst the Teleosteans, are the genera Ptenchthys^ 
Cephalaapi'^, Pteraspia, and Cou oateus With regard to Ptench 
thya, some writers have compared its shelly covering to that 
of Crustaceans, i^ith which, however, it has no real affinity 
The wing like appendages, whence the genus is named, were first 
supposed by Hugh Miller to be paddles, like those of the turtle , 
and there can now be no doubt that they do really correspond 
with the pectoral fins (fig 561) 
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The genus Cephalasjpis, or ‘ buckler headed,’ from the extra 
ordinary shield which covers the head (figs 565, 656), has the 
orbits close together, 
nearly in the centre of 
the shield, which has J 

a horn on either side V 1 \ y 1 

carried backwards A A 1 1 1 

Pteraspis, of the same ^ \/V\\ ^ 

family, has also been j y L ^ 

found by the Eev Hugh \®j \ ! / n » 

Mitchell in Old Red yVy \ I 

beds, Perthshire , and it 

IS interesting to note ^ \ V W m J 
that this genus came in \ If ^ Hi i ^ 1 

during late Silurian ^ H lA I 
times Mr Powrie \| \\\\! fu jJ 

enumerated no less \ f I j fl/ff y 

than five genera of the \ | 1/ 

suborder Acaiithodidaj, \ j F ^ (fjl / (f 

the spines, scales, and M B V 

other remains of which f j I ) I \ / 

have been detected m f/}/ ^ / 

the grey flaggy sand /( ^ |/ 

stones, the chief genera ^ \ n ggH 

being Acanthodes, Di- « a 

placanthu8,!mdCheira 




Cone and branch of I epiUo 
dendron eorrugatum 
Lower Carboniferous, New 
Brunswick 


l\ilophyton puncept, Dawson Species charac 
ttristic of the whole Devonian senes in North 
America 

a Fruit, natural size b Stem, natural size 
c Sealanform tissue of the axis, highly magnified 


In the Old Red Sandstone of Caithness Dr R H Traquair has 
discovered the remains of a minute fish of very rudimentary 
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organisation, which appears to have curious aflfinities with the 
Lamprey and Hag, and to be referable to the group of the 
Marsipobranchia He has called this curious, ancient and mdi 
mentary type of fish Palceospondylus Gunvi 

While the Dipnoi are represented by Dipterm^ the fore 
runner of the genus Ceratodus, which lived on from the 
earliest Mesozoic to the present day, vertebrates of higher 
organisation than fishes have not as yet been met with in 
Devonian strata 

The terrestrial flora of Devoniin times does not appear 
to have differed in its general characters from that of the Car 
boniferous period Gigantic ferns like FalceopUris (hg 562), with 
true Lepidodendrids (figs 561, 564), are found mingled with 
some peculiar types like the Vsilophijton ol Sir T W Dawson, 
the affinities of which are somewhat doubtful (fig 065) The 
form IS interesting on account of its great antuputy 

The flora of the Old Red Sandstone is poor, but extremely 
interesting from its foreshadowing the later grand Carboniferous 
flora 

In the Upper Old Red there arc only twelve species of plants, 
and the following genera are represented - Adiantites, Gala 
mihb, Filuitn^ Sagenana, Sphenopfens, Tnchomanikb, and 
Knorna The Lower Division contains Lt pidodendi on, also a 
Coniferous plant, and Psilophjion 

The earliest known insects were brought to light in 1865 in 
the Devonian strati of St John’s, New Brunswick, and are 
referred by Mr Scudder to the group Pneudo neuropfera One 
of them, a Platepheniera, measured five inches in expanse of 
wing It was an ancient May Fly with some peculiar structures 
not found m living representatives of the group 

The genus Xenoneum has a remarkable union of characters 
which are found m different genera at the present day It is a 
lace winged form of the May fly group, furnished with a stridu 
lating or musical organ like a Grasshopper Such a genus is 
said to constitute a synthetic type 

Srltisb reprasentatives of the Devonian system -Marine 
stiata of Devonian age are only found m the Butish Isles m Devon 
shne and Cornwall The lotks are much folded, faulted and alteied 
and, except in ceitain limestone beds, fossils are few and badly pre 
served in them By a comparison of the fossils of the Devonshire strata 
with those of the richly fossiliferous beds of theEifel, Mi Ussher has 
been able to make out the following succession in South Devon, 
which may be placed in general parallelism with the divisions recog 
nised in North Devon 
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Upper 

Devonian 


Middle 

Devonian 


Lower 

Devonian 


South Devon 

, Cypridina (Entomis) shales 
j Goniatite limestone and 
^ shales 

Middle Devonian lime 
stones, Stnngocephalus 
limestone 

(Ashprington Volcanic 
i senes) 

Eifelian shales and shaly 
1 limestones, with Calceola 
^ sandalina, Lam 
I Grits and sandstones, with 
j Homalonotus, Pleuro 
' dictyum, (fee 


North Devon 

Pick well Down sand 
stones (without fossils) 

Morte slates (without 
fossils) 

Ilfracombe beds (with 
Stnngocephalus lime 
stone) 


Hangman Grits and b ore 
land sandstones Lyn 
ton slates 


In North Devonshire the unfossiliferous Pickwell Down sand 
stones are overlain by the Baggy, Marwood and Pilton beds, but these 
are now generally legarded either as Carboniferous m age or as con 
stituting a transition series between the Devonian and Carboniferous 
Similar strata intermediate m age between the Devonian and Car 
boniferousare found in Ireland, and are known as the Carboniferous 


slate and the Kiltorcan beds 

Upper Devonian Docks — 

Thi slates and sandstones of liaiii 
staple contain the Ilriclnopod 
t^ptrijeia disjancta, Sow (bg W8), 
winch has a very wide range m 
Europe, Asia Minor, and even 
China , also Strophalosia capt ? ata, 
Sow , together with the large Tiilo 
bite, Phacops latifrovs, Bronn 
(fig 546), which 18 all but world wide 
in ite distribution The fossils are 
numerous, and comprise about 160 
species of mollusca, a fifth of which 
pass up into the overlying Carbo 
mferous rocks To this Upper 
Devonian belong a senes of lime 
stones and slates well developed at 
Petherwyn, m Cornwall, where they 
have yielded 76 species of fossils 
The genus of Cephalopoda called 
CAymenia (fig 644) is represented 
by no less than 11 species, and 
strata occupying the same position 
in Germany are called Clymenien 
Kalk, or sometimes Cypridinen 
Schiefer, on account of the number 
of minute bivalve shells of the Crus 
tacea called Lntonns (Cypndina) 
serratosiriata, bandb (fig 646), 
which IB found in these beds in 
the Rhenish provinces, the Harz, 
Saxony, and Silesia, as well as in 
Cornwall and Belgium 


Middle Devonian Docks 

Wt come next to the most typical 
portion of the Divonian system, 
including tin gnat limestones of 
Plymouth and Torquay, as well as 
the slates and impure limestones of 
Ilfracombe, all replete with shells, 
trilobitos, and corals Of the co 
ralh 62 species are enumerated by 
Mr Etheridge, none of which pass 
into the Carboniferous formation 
above or came from the Silurian 
strata below, although many genera 
are coftimon to the three systems 
Among the genera are Favosttes, 
HclioliteSfSmithui, Hehophyllum, 
and Cyathophyllum The Helw 
phyllum Halil, E and H , a Rugose 
Coral (fig 636), and Heliolites 
porosa, Goldf , an Alcyonarian (fig 
63(>), are species peculiar to this 
formation 

Stromatopora occurs, and a few 
Bryozoa With the above are 
found no less than 10 genera of 
Echinodermata, b of which are 
stone lilies or Crinoids , some of 
them, such as Cupressoennus, are 
distinct from any Carboniferous 
forms The mollusca also are less 
characteristic, of 2b genera of 
Brachiopoda, 19 are common to the 
Carboniferous series The Stnngo 
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cephcdvs Burhm, Defr (fig 640), 
and Uncites gryphus, Defr (fig 
641), may be mentioned as ex 
clusively Middle Devonian genera, 
and extremely charaotenstio of the 
same division in Belgium The 
Stnngocephalus is also so abund 
ant in the Middle Devonian of the 
banks of the Rhine as to have 
suggested the name of Stringo 
cephalus Limestone The only two 
species of Bnchiopoda common to 
the Silurian and Devonian for 
mations are Atrypa rehculans, L , 
which seems to have been a cos 
mopolitan species, and Stroplio 
mena, rhomhotdaUs, Wile 

Among the Lamellibranchiate 
bivalves common to the Plymouth 
limestone of Devonshire and the 
Continent, we find the Meqalodon 
(fig 542) There are also 13 genera 
of Gastropoda, which have yielded 
45 species, 5 of which pass to the 
Carboniferous group, namely. Aero 
cuha vetusta, Loxonetna ru 
gt/era, Phil , L tunmJa^ Phil , 
March mnia angulata, Phil , and 
M spinosa, Phil The Pteropod 
Tentacuhtes occurs in England, 
and on the Continent is found the 
genus Conulana (fig 648) The 
Cephalopods have species of 
Cyrtoccras, Goniatites, Ortho 
eeras, Nautilus, and nearly all of 
them are distinct from those in 
the Upper Devonian Limestone, 
or Clymenien Kalk of the Germans, 
already mentioned Although but 
b species of Trilobites occur, the 
characteristic Bronteus fiabelhfer, 
Goldf (fig 647), 18 far from rare, 
and all collectors are familiar with 
its fanlike tail In this same group, 
called, as before stated, the Stringo 
cephalus or Eifel Limestone in 
Germany, several fish remains 
have been detected, and among 
others the remarkable Old Red 
genus Coccosteus, covered with its 
tuberculated bony armour, and 
these ichthyolites serve, as Sir R 
Murchison pointed out, to identify 
this middle marine Devonian with 
the Old Red Sandstone of Biitam 
and Russia 

Beneath the Eifel Limestone 
(the great central and typical 


member of the Devonian on the 
Continent) lie certain schists called 
by German writers ‘ Calceola 
Schiefer,’ containing in abundance 
Calceola sandahna, Lam (fig 587), 
which was once considered a 
Brochiopod, but which has been 
shown to be an operculate coral 
This 18 by no means a rare fossil 
in the slaty limestone of South 
Devon, and, as in the Eifel, is 
confined to the middle division of 
the system 

Lower Devonian Kooks — 

A great senes of sandstones and 
glossy slates, with Crinoidea, 
Brachiopoda, and some corals and 
Bryozoa, occurring on the coast at 
Lynmouth and the neighbourhood, 
and called the Lynton Group, 
form the lowest member of the 
Devonian in North Devon Traces 
of fish remains occur, and Pferaspis, 
a genus of Silurian fish, has been 
detected Among the 18 species of 
all classes enumerated by Mr 
Etheridge, two thuds aio common 
to the Middle Devonian , but only 
one, the ubiquitous Brachiopod 
Atrypa reticularis, L, can bo 
identified with Silurian species 
Among the characteristic forms are 
Alveolites suborbtculans, Lam , 
also common to this formation 
on the Rhine, and Orthis arcuata, 
Phil, very widely spread in the 
North Devon localities But we 
may expect a large addition to 
the number of fossils whenever 
these strxta shall have been 
carefully searched The Spirifei 
sandstone of Sandberger, as 
exhibited in the rocks bordering 
the Rhine between Coblentz and 
Caub, belong to this lower division, 
and the same broad winged Spi 
rifers distinguish the Devonian 
strata of North America 

Among the Trilobites of this era 
are the genera Phacops (fig 646), 
and several large species of Homa 
lonotus (fig 648) are conspicuous 
The genus is still better known as 
a Silurian form, but the spmose 
species appear to belong ex 
clusively to the ‘ Lower Devonian,' 
and are found in Britain, Europe, 
and the Cape of Good Hope 
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Old Red Sandstone —Over the greater part of the British 
Islands we find developed the freshwater facies of the Devonian, 
which IS known as the Old Red Sandstone In South Wales and 
Hereford we find a great thickness (10,000 feet) of red and green 
shales, flagstones, sandstones, and conglomerates, with some impure 
concretionary limestones , these pass downwards conformably into 
the Silurian and upwards into the Carboniferous In the transition 
beds a few marine fossils are found mingled with freshwater forms , 
but in the great mass of the strata of this age only fishes and a few 
traces of land plants have been found In Scotland, the Old Red 
Sandstone can be separated into three subdivisions, each of which 
contains a characteristic fish fauna The Upper Old Red Sandstone, 
which lb found both in Fife and the Orkney Islands, and consists of 
yellow and red sandstone, contains many forms of Holoptychmsy 
Pterichthys, Gli/ptopomtts, Olyptolaiwis, &g , and appears to graduate 
upwards into the Carboniferous In Caithness a great series of flag 
stones, alternating with variegated sandstones, contains a very rich 
fauna including Glmracanthus, Chetrole 2 m, Dipterus, Diplacanthus^ 
&c , with many remarkable examples of the small phyllopod Estheria 
minuta^ Goldf , and some plant remains these are regarded by many 
geologists as constituting a distinct subdivision the Middle Old Red 
Sandstone The Lower Old Red Sandstone, which contains many 
forms ot Cephalaspid fish and Burypterids and appears to graduate 
downwaid into the Silurian, is well developedmPcrthshireandFoifai 
shire The Scottish strata ol Old Red Sandstone age are of enormous 
thickness, and include many masses of very coarse conglomerate, 
which by some authors have been thought to be of glacial oiigin 
That the Old Red Sandstone was of freshwater origin theie cm be 
little doubt, and some geologists have even attempted to define the 
limits of the great freshwater lakes in which its beds were laid down 

The Old Red Sandstone of the north and west 5 Lila 
Scotland — Murchison divided Lome, a distnct in the north of 

the Old Red Sandstone into throe Argyllshire, on the flanks of the 

groups, which ho supposed were boutli west Highlands The two 

more or less coiitempoianeous with fold division of the Old Red is bCc u, 

the three divisions of tlic Marine according to tins author, typically 
Devonian But Sir A Geikie in Lake Caledonia The Upper Old 
regards the Old Red Sandstone xs Red, as he sliows, merges gradually 
constituting only two divisions into the Lower Carboniferous 
He considers the Old Red Sand strata above, and the Lower Old 
stone to have been deposited in Red passos confoiinably into the 
separate basins or lakes, which were Silurian formation below , but there 
five in number 1 Like Oreadu, is corajilete unconformity betwe en 
north of the Orampian riiige, and the two senes He further notiees 
intludmg the Oikniys 2 Lake the oriurreiiee in Lanaikshnc of 
Caledonia, occupying tlie eentnil Siluiiari fossils— a Oraptolite, S/itr 
valley of Scotland between the orbm Ltwim, Sow, and Orthoa 
Highlands to the north and the » as eZmieZiafimi, Sow —about 5,000 
Siluiian uplands to tlie south It feet above the base of the Old Red 
probably was prolonged across the He states ‘ This interesting fact 
Firth of Clyde into the north of serves to indicate that though geo 
Ireland 8 Lake Cheviot, in the graphical changes had elevated the 
south east of Scotland and north of Upper Silurian sea floor, partly into 
England 4 The Welsh Lake, land and partly into inland water 
bounded by the Silurian hills to basins, the sea outside still contained 
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on Upper Silurian fauna, which was 
ready on any favourable oppor 
tunity to re enter the tracts from 
which it had been excluded 

The Middle and Lower Old 
Red Sandstones attain idipthof 
deposits in the centril district of 
Scothnd of 20,000 feet, ind the 
strata present, tverywhero evi 
denots of shallow watfi conditions 
There are proofs that local ehva 
turn occuired durmt,' th< ages of 
geneial subsidence, winch enabled 
tlie deposits to a( cumulate In 
Lanarkshire the strata rest on 
Silurian rocks coiifoi m ibly, but on 
others uncoil foiinably The strata, 
which lie red, blown, chocolitc 
coloured, grey, and yellow, include 
sandstones, shales, flags, coarse con 
glomerates, and occasional com 
stojK s and limestoin s The grey 
fligs and thin gicy and ohv< shales 
and ‘ calm stones ’ are almost con 
fined to Forfarshire, and in the 
north c ast part of the basin are 
known as Arbroath flags One of 
the most marked features is the 
occurrence of prodigious masses of 
intorbedded volcanic rocks having a 
thickness of more than 6,000 feet in 
this central basin As a rule, the 
deposits of this area irc singularly 
uiifossilifcrous, though the Ar 
broath flags have been proved to be 
rich in the remains of hsh and 
Crustacea In Forfarshire and 
P( ithshiie plant remains are found 
Th( Old Red Sandstone of the 
northern area contains the dark 
giey, bituminous schists and flog 
stones whose fossil fish were so 
well described bj Hugh Miller, 
and the calcareous flagstones of 
Caithness, resting on red sand 
stones and conglomerates These 
last repose upon the up tilted Silu 
ri in rocks 

Upjffr Old Red Sandstone — 
The highest beds of the series m 
Scotland, lying immediately below 
the Carboniferous foimation, con 
sist of yellow and red sandstones 
and conglomerates, well seen at 
Dura Den, near Cupar, in Fife, 
where, although the strata contain 
no raollusca, fish have been found 
abundantly, and have been referred 
to Holoptycfnus nohtlmimus, Ag , 
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major, Ag , and to species of Olyp 
topomus and other genera 

The number of individuals of 
species at Dura Den, crowded pro- 
fusely through the pale sandstone, 
mdicitns, according to Sir A 
(ltdtu, tint tin fish were killed 
sudd( Illy and cove red with sediment 
rapidly 

Sir R IVrmchison groups with 
this nppei division of tlic Old Ri d 
of Scotland lertam liglit led and 
yellow sandstones and guts which 
occur m tin nor tin inmost part of 
th< mainl ind and < xtend ilso into 
the Oikney and Shetland Islands 
They (oiit nil f'n/c/m/fes and othei 
plants which agree, gencinallj, 
with Carboniferous foiins, and 
overlie the Caithness flags uncon 
foriTuibly The Fisli fauna of tho 
Upper Old Red S indstone numbers 
25 species belonging to I") gciuri 
Sir A Geikie notices that a band 
of marine limestone of Devonian 
age, lying m the heart of the Old 
Keel in Arran, is crowded with or 
dinary Carboniferous Limchtono 
shells, such as Product us qiqanteus, 
Mart 8p,P Mart 

sp , but none occur in the great 
senes of sandstones overlying tho 
limestone These spceies do not 
reappe ar until we re ich the lime 
stones of the Carboniferous age, 
yet all these organisms must have 
been living before the deposition 
of tho Arran limestone, and, of 
couisc, long prior to the form ition 
of th( C irbonih-rous limestoiu 
Across tlie bordei distncts, tlie 
sandstones and conglomc r itcs of 
the Upper Old Red rest uncon 
formably on Silurian rocks, and 
Old Red Sandstone with breceus 
and conglomerates appeals uiuhi 
the Cdibomferous formation along 
the flanks of the Cumbei land and 
Westmoreland Hills, and m com 
sponding succession as far south as 
Flintshire and Anglesea 

The Fish remains, which have 
made the Old Red Sandstone so in 
tereating, belong mainlj, but not 
entirely, to the middle and lower 
divisions While tho Upper Old 
Red has 26 species, the Middle and 
Lower Old Red contain B*) species 
distributedj^among dfi genera In 
this portioivof the series there are 
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12 species of Plaooid fish, and allthe 
rest belong to the Ganoids In ex 
lanation of this statement, it may 
e said that Agassiz divided the 
Devonian fish into two great orders, 
namely, the Placoids and Ganoids 
Of the first of these, which at the 
present time comprises the cartila 
gmous fish, like the Shark, the Dog 


fish, and the Ray, no skeletons are 
preserved , but i fin spines, called 
Ichthyodorulites, and teeth occur 
On such remains the genera 
Onchus, Homacanthus^ Ctena 
canthvi, and Com acanthus, with 
many others occurring in the Old 
Red Sandstone, have been esta 
blishod 


The Old Red Sandstone of Southern Britain — The 

grandest exhibitions, says Sir R Murchison, of the Old Rod 
Sandstone in England and Wales appear in the eseai pments of 
the Black Mountains and in the Vans of Brecon and Caerniar 
then, the one 2,862, and the other 2,590 feet above the sea 
The mass of red and brown sandstone in these mountains is 
estimated at not less than 10,000 feet, clearly intercalated 
between the Carboniferous and Silurian strata No shells or 
corals have ever been found m the whole series, not even where 
the beds are calcareous, forming irregular courses of ooncre 
tionary lumps called ‘ cornstones,’ which may be described as 
mottled, red and green, earthy limestones The fishes of this 
lowest English Old Red are Cephalaspzs and Pteraspta, speci 
fically different from representatives of the same genera which 
occur in the uppermost Ludlow (Silurian) tilestones Crusta 
ceans also of the genus Eurypterus are met with 

Besides the bodies called Parka deetptens, Flem (figs 632- 
634, p 379), there are found the spore cases or floats of a lowly 
organised plant called Packytheca 

The Old Red Sandstone of Ireland — In Ireland, as in 
Scotland, the upper division of the Old Red Sandstone lies 
unconformably upon the lower, and in South Wales the uppei 
beds overlap the lower strata, ‘ indicating,’ wrote Sir A Ramsay, 
‘great disturbance and denudation,’ but not presenting any 
insuperable difficulty as to the freshwater origin of the strata 
A dearth of calcareous matter over wide areas is character- 
istic of the Old Red Sandstone This is, no doubt, in great 
part due to the absence of marine deposits and the scarcity of 
freshwater animals with calcareous shells 

In the county of Cork, in Ireland, a similar yellow sand 
stone occurs containing fish of genera characteristic of the 
Scotch Old Red Sandstone, as, for example, Coccoateus (a form 
represented by many species in the Old Red Sandstone and by 
one only in the Carboniferous group) and Glyptolepis, which is 
exclusively confined to the ‘ Old Red ’ In the same Irish sand 
stone at Kiltorcan has been foimd an Anodonta or freshwater 
mussel, the only shell hitherto discovered m the Old Red Sand 
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stone of the British Isles (see fig 549) In the same beds are 
found the Fern (fig 562) and the Le'pulodemlron (fig 563), and 
twelve other species of plants, some of which agree specifically 
with species from the Lower Carboniferous beds This fact 
lends some support to the opinion, long ago advocated by Sir 
Richard Grithth, that the yellow sandstone, in spite of its fish 
remains, should be classed as Lower Carboniferous -an opinion 
which is not generally adopted by geologists Between the 
Mountain Limestone and the yellow sandstone m the South west 
of Ireland, there intervenes a formation no less than 5,000 feet 
thick, called the ‘ Carboniferous slate , ’ and at the base of this, 
m some places, arc local deposits, such as the Coomhola Grits, 
which appear to he beds of passage between the Carboniferous 
and Old Red Sandstone groups 


llie most trustworthy account 
of the Devonian strata of Devon 
shire and Cornwall is contained in 
the papers of Mr Ussher, of the 
Geological Suivey Very interest 


mg descriptions of the Old Red 
Sandstone of Scotland and its fossds 
are to be found in the wutings of 
the late Hugh MilUr, and also m 
the works of Sir A Geikie 


CHAPTER XXIII 

FOREIGN DEPOSITS WHICH ARE HOMOIAXIAL WITH THE NP WER 
PALAilOZOIC STRATA OP THE BRITISH ISLFS 

The Devonian rocks of the Eifel— of the Ardennes and Brittany— of the 
Carmthian Alps, the Iberian peninsula, and Russia— Carboniferous 
strata of France, Germany, and Russia— Permian strata of Central 
Germany, the Alps, and the Uial Mountains — Devonian strita of the 
United States, Canada, and the Arctic Regions— Carboniferous strata 
of the United States— Permian strata of Texas and Nebraska— De 
\ Oman, Carboniferous, and Permian of India and Australia 


NEWER PAL MO ZOIC BOCKS OF EUROPE 

Devonian strata of tbe Slfel Aistrict - The Oldest of the 
Newer Palaeozoic strata, the De\oman or Eifelian,find their fullest 
representation in the district of Rhenish Prussia, where limestones 
and other strata abounding with beautiful, well preserved fossils 
occur 

The general classification adopted for these strata is as 
follows — 

Upper / Clymema Limestone and Cypridina (Entomis) Shales 
Eifelian ' Goniatite Limestone 
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Middle 

Eifelian 

Lo^\ er 
Eifelian 


( Strmgocephalus beds 
Calceola beds 

Zone of Spirtfera cuUrijuqata^ Rom 
(Coblenz Slates and Quart/ite (Spirifer Sandstones) 
Hunsruok Slates 
Sericitic Slates of the Tannus 


The Upper and Middle Eifelian are composed of limestones 
with beds of shale, the strata yielding a great number of fossils 
The Lower Eifelian consist of rocks, in places much altered, 
which attain a thickness of 10 000 feet , these rocks being i hiefly 
qiiart/itcs, felspathic sandstones (greywack s), and ph^llitcs 
that sonietmies assume almost a gneissic aspect 


Devonian of other parts 
of Western Europe —In the 

Ardennes to the west, and m 
Thuringia, the Har?, and Bohemia 
to tlie east, the Devonian strata 
aro (xhibited with divisions that 
can ho approximately parallel! d 
with those of the Eifel The 
Devonian strata also appear in 
Brittany The Freiicli geologists 
usually classify the Devonian in 
the following groups 


Upper 

Devonian 

Middle 

Devonian 

Lower 

Devonian 


I Fain email 
I Frasnuui 
( Gn ( tian 
1 Eifelian 
( Coblen7ian 
] Taumisian 
' Gedinnian 


In tilt Canntlnan Alps, strata 
of Lower, Middle, and Upi>ei De 
vonian age lu conformably upon 
the Upper Silurian rocks, and in 
Southern France, and in Spam and 
Portugal, slates, limestones, and 
sandstones of this age have been 
long known, and the formation as 
displayed in Asturias has now been 
fully described by M Barrois 
Devonian of Bussla — The 
Devonian strata of Russia extend, 
according to bir R Murchison, 
over a region more spacious than 
the British Isles, and it is re 
markable that, where they consist 
of sandstone like the ‘ Old Red ’ of 
Scotland and Central England, 
they are tenanted by fossil fishes 
often of the same species and still 
oftener of the same genera as the 
British, whereas when they consist 


of limestone they (ontain ‘.lie 11s 
similar to those, of Devonshire, thus 
confirming, as Sir Rodenek has 
tiointeel out, the conteiiipoiancoHs 
origin whicli had been previously 
assigned to foimatioiis exhibiting 
two very distinct mine ral typos m 
different parts of Britain The 
calcareous and the arenaceous 
rocks of Russia, above alluded to, 
alternate in such a manner as to 
leave no doubt of their having been 
deposited m different parts of the 
same great period 

While 111 Noith Western and 
Cciitr il Russia wc find the sc altei 
nations of the marine (Devonian) 
and of the freshwatci (Old Reel 
Sandstone) types, m the Ui al district 
the re IS a completely marine series 
Himilai to that of the Lifel, but ex 
hibitmg many interesting diffe 
rences m the oidei of suecession of 
the beds and in the species of oi 
gaiiisnis present in them 

Carboniferous strata of 
Europe — The divisions of the 
Oarbomferous rocks of France and 
Germany can he generally paral 
leled with those of this eounfiy 
In Germany, as m the South West 
of England (De voiishne), we some 
times hnd the richly coal bearing 
beds replaced by masses of baircn 
measures (the ‘ Culm facies ’ of the 
Carboniferous rocks) When we 
pass to Russia, however, we find 
the marine facies (Pusulina lime 
stones, &c ) forming the upper 
member of the senes, and the pro 
ductive Coal measures below them, 
while in this country, as we have 
seen, the opposite is the case 
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The general succession of the 
Carboniferous strata in Russia is 
as follows — 


Upper 

Carboniferous 


Lowei 

Carboniferous 


' Limestones with 
Fusulma 

• Stageof .S'pm/cjff 
wosffuensis, 
Fis( ii , at base 

( Limestones with 
rroiliictii<t qt 
qnnteus, L 
1 Productive coal 
I b( iring str ita 
Sttgf of P?ofluc 
tus iiipsolnhia, 

' Phil , at base 


Permian Strata of Europe 

Tht mam featuus of tin Hntisli 
Permian aic reproduced m Cnitrd 
Of i many Tiicic tin uppti mem 
bei ftlio 7 (clistein) ittaiiis a (on 


siderable thickness, and in Thurm 
gia it includes tho Kupferschiefer, 
a bed containing fishes and other 
fossils mineralised by copper py 
ritos Tins stratum was formerly 
largely workfd as a copper ort 
Th( Zeclistf in rests unconformably 
on the Rotliliegendt , and has \ 
much more restiietcd dovclopment 
than the Uttei formation In 
Prance, tlu Peimian is only repre 
s( nted by its low( r member 

In the Alpini district and in 
Sifd>, howfiti, we find theinirine 
typt of tin Pf inn in well exhibited 
in the Bfllei opium and hiisulina 
hmestoiKs The sunu tiiina is 
found in bids on the westnii 
slopis of flu Ural Mountains 
(Artinslv slig( of K uimisky), and 
stretching tiuough Asia Minor into 
Noithfrn Indiv 


NEWER PALJEOZOIG STRATA OF AMERICA 


In the United States strata of Ncwei Pal'co20ic age attain a grand 
development, but it IS by no means easy to coi relate the vaiious divisions 
of this groat mass ot strata with the European Permian, Carboniferous, 
and Devonian systems respectively A number of very distinct lite 
provinces are now recognised in this aica- the Acadian (including 
New England and the Eastern pait of Rritish Amenca), the Appala 
chian, the Mississippian, and the Michigan In these sevcial life 
provinces— while a general paiallelism can be detected between the 
fossils of the successive divisions and those ot the great divisions of 
the European Carboniferous -there are a largo number of species 
peculiar to the American continent, not a few which aie lestucted 
to one or other of these particular areas In the western tenitories of 
North Ameriea, the Carboniferous strata resemble those of Russia and 
Eastern Asu, lather than those of Western Europe 


Devonian strata In the 
United States and Canada 

Between the CarboniferouH and 
the Silurian strata m the United 
Stitts and Crnada, then mki 
venes a gic it seiits of fonnations 
refeiabk to the Devonian gioiip, 
compiisnig some marine strata 
abounding in whellB and corals, and 
others of shallow water and littoral 
origin, in which terrestrial plants 
abound The fossils, both of the 
deep and shallow water strata, are 
very analogous to those of Europe, 
the species being m some cases the 
same In Eastern Canada Sir W 
Logan has pointed out that m the 
peninsula of Oasp^, south of the 


( stuary of the St Lawrf ncf , i m iss 
ot sandstone, eonglomeiate, and 
shale referabh to this pi iiod octuis, 
rifh 111 vigetable remains togitlifi 
with some fish spnu H Fai down 
in the 8 indstones ol U ispi Di 
Dawson found in lH(>h an entire spe 
cimtn of the genus Ctphulaspis, a 
form very charactenstu , as we have 
already seen, ot the Scotch Lower 
Old Red Sandstone Some of the 
sandstones are ripple maiked, and 
towards the upper part of the whole 
senes a thin seam of coal has been 
observed, measuring, together with 
some associated carbonaceous shale, 
about three inches m thickness It 
rests on an underclay m which are 
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the roots of Pnlqphyton (see fig 
666) At many other levels root 
lets of this same plant have been 
shown, by Principal Dawson, to 
penetrate the clays, and to play the 
same part as the rootlets of Shg 
maria in the coal formation 

We had already learnt from the 
works of Goppert, Unger, andBronn, 
that the European plants of the De 
vonian epoch resemble gtnerically, 
with few exceptions, those already 
known as Carboniferous, and Dr 
Dawson, in 1859, enumerated 82 
genera and 69 species whnh he had 
then obtain! d from the State of 
New York and Canada A ])erusal 
of his catalogue, comprising Com 
fercp, SigiUana, Calamites, Aate 
rophyllitcs, Lepidoih mlra, and 


from beneath the Carboniferous on 
the borders of Pennsylvania and 
New York, where both formations 
are of groat thickness 

The number of American De 
\onian plants has now been raised 
by Dr Dawson and others to 160, 
to which we mav add about 80 
from the European flora of the 
same age, so that already the vege 
tation of this period is beginning 
to be nearly half as rich as that of 
the Coal measures which have been 
studied for so much longer a time 
and ov er so much widi r an area The 
Pvlophyton, above alluded to, is 
very widely distributed in Canada 
Its remains have been traced 
through all themcmbirs of tin Dc 
vonian sciies iii Amuica, and Dr 



Upper Silvrian 


Diagram showing the curvature and supposed denudation of the Carboniferous 
strata in Nova Scotia. 


A Anticlinal axis of Minudie 
1 Coal measures 2 

ferns of the genera Cyclopteits, 
Neuropteris, Sphenopteris, and 
others, together with fruits, such 
as Cardtocarpon and Tngonocar 
pon, might dispose geologists to 
believe that they were presented 
with a list of Carboniferous fossils, 
the difference of the species from 
those of the Coal measures, and 
even a slight admixture of genera 
unknown in Europe, being natu 
rally ascribed to geographical dis 
tribution and the distance of the 
New from the Old World But 
fortunately the Coal formation is 
fully developed on the other side 
of the Atlantic, and is singularly 
like that of Europe, both litholo 
gioally and in the species of its 
fossil plants There is also the 
most unequivocal evidence of rela 
tive age afforded by superposition, 
for the Devonian strata m the 
United States are seen to crop out 


B '^mlinal of Shouhi River 
I ower Carboniferous 

Dawson has lately recognised it in 
specimens of Old Red Sandstone 
fiom the North of Scotland 

It 18 a remarkable result of the 
recent examination of the fossil 
flora of Bear Island, lat 74° 80' N , 
that Professor Heer has described 
as occurring m that part of the 
Arctic region (nearly twenty six 
degrees to the north of the Irish 
locality) a flora agreeing m several 
of its species with that of the 
yellow sandstones of Ireland This 
Bear Island flora is believed by 
Professor Heer to comprise species 
of plants some of which ascend 
even to the higher stages of the 
European Carboniferous formation, 
or as high as the Mountain Lime 
stone and Millstone Ont Paleson 
tologists have long maintained that 
the same species which have a 
wide range in space are also the 
most persistent m tune, which may 
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prepare us to find that some plants 
having a vast geographical range 
may also have endured from the 
period of the Uiptr Devonian to 
that of the Millstone Grit 

Tlie strata containing this re 
markable flora is often called the 
Fnan or Ursa stage 

The Carboniferous strati of 
North Amirica form a number of 
isolated basins, the result of folding 
and denudation like those of Eu 
rope (see fig 'ifiC) In tlit Appaln 
chians, the I arbonih rous strata are 
mu(h folded and eontortfd, and 
the coal bods aie converted into 
anthracite 

In the P’lstein States of Noith 
Ament i the Permian m ropre 
senttd by the ‘ Uppei Barien 


Measures’ (sub Carboniferous of 
some authors) These beds con 
formably overlie the Carboniferous, 
and have so many fossils common 
to that great division that Ament an 
geologists havt refust d to separatt 
them as a distinct system 

The Peimian strita of Tex is 
consist of arenaceous and argilln 
eeous beds, gem rally of a reddish 
eolom , the foimation is, accoiding 
to Dr C A White, about 1,000 
fett in thickness, and ovcrlus un 
doubted ( arbonifeioiis rotks 
In the Southern and Western 
Stabs (I’exas, Nebnski, iVc ), a 
guat senes of lads is found con 
taming, according to Copt, a great 
number of Ptirauin Amphibians 
and Reptiles 


NEWER PAhMOZOIG ROChSOV OTHER PARTS 
OF THE WORLD 


The Devonian strata are rccog 
nisod in Australia, and probably re 
presentatives of the Old Red Hand 
stone also exist, and these areovt r 
laid by strata containing a true 
Carboniferous flora 

The Produetus limestone of the 
Salt Range in Northoin India is 
the formation in which the rich and 
interesting marine fauna of the Per 
mian was hrst discovered by Waa 
gen The Permian marine strata 
here he upon Carboniferous rocks, 
and are succeeded by others of Tri 
assic age, containing a peculiarly 
interesting marine fauna in whiili 


Foi a discussion of the torre 
latu n of the Newer Palflpozoicrocks 
of different parts of Europe, the 
student is referred to De Kayscr 
and Lake’s ‘ Comp irative Geology ' 
The most recent views on the re 
lations of the Niwer Palscozoic 
rocks of North America to those 
of Europe will be found in the 


OoniahteH are npngled with 
several genera of Ammonite's, 
somo of which exhibit the peculiar 
Ceratite like lobes 

In India the Permian appt irs to 
be represc nted not only by the strata 
of the Salt Range, but ilso by the 
Talcbir and Damuda be ds with a 
rich flora 

The general piralldism of the 
Older Palficozoic rocks in tlio chief 
distrietsm which they are developed, 
and the names gneu to the sue 
cessive stages by European geolo 
gists, are indicate d in the table on 
the iirccedmg page 


Correlation papers of the U S Geo 
logical Suivey ‘Devonian and 
Carboniferous,’ by H S Williams 
(Bull 80), ind ‘The 'rexan Pei 
mian,' by C A White (Bull 77) 
All account of the Permian marine 
fauna will be found in the mono 
graphs of Waogen, Karpinsky, and 
White 
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THE OLDER PALJEOZOIC ERA 


CHAPTER XXIV 

THF SILURIAN SYSfEM 

Cl issification of Silurian rntkp.~Chiracttnstit8 of tlio Marine Ploi i and 
F lunaofthoSilun in— (iraptolites — Corals — Ecliinodeiniat i — Brathio 
poiU— G istiopod i— C'cpliaIoi)o<U — Fish — British k pu sent itives — 
Sliropshire —North Wales — Lake Distiict — Scotland — Dt tails of strata 
in the typi< al in i — Upper Jjiullow— Lower Ludlow— A. jrnt stry Limt 
stone— Oldest known fossil fish— Wonloek Limi stone -Wenloek Shale 
— Woolliopf Linn stoni - Tar innon Shales and Denbighshire Guts— 
Uppei and Lower Llandovery rocks -M ly IIill bids 

ITomenclature and classification of the Silurian strata 

After William Smith had established the principle that strata 
may be identified by their oiganic remains, and had applied 
this important principle in his classification of the senes of 
formations between the Mountain Limestone and the ('halk, 
Sedgwick and Murchison determined to investigate the forma 
tionb below the Old Red Sandstone, and to group them also 
according to the principles of classifacation which had been so 
successfully employed in tlio case of the Meso/oic rocks The 
former geologist chose as the scene of his researches North 
Wales, and the latter the Western Counties of England border 
ing upon Wales When they came to compare their results, 
the two explorers had no dithculty in recognising the fact 
that the strata studied by Sedgwick were the older ones, and 
these it was agreed to call the Cambrian, while the newer bi ds 
investigated by Murchison weici ailed Silurian, after thi ancient 
British tribe (Siluies) who had inhabited the district where they 
are best developed As time went on, however, it soon became 
manifest that the Silurian system of Murchison to some extent 
overlapped the Cambrian of Sedgwick 

In Bohemia the whole series of the Older Palico^oic rocks 
are admirably developed, and m their lower members fossils 
are much more abundant and better preseived than in this 
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country These Bohemian strata found a very able investi- 
gator in Barrande, whose carefiil study of the fossils of the 
Older Palaeozoic era established the important conclusion that 
it is characterised by three very distinct faunas The beds con- 
tainmg the oldest of these faunas are now universally grouped 
imder Sedgwick’s name, as the Cambrian system The beds 
containing the thnd fauna are called Silurian , but those authors 
who still continue to call the beds containing the second fauna 
by Murchison’s name speak of the beds with the third fauna as 
Upper Silurian Other names which have been applied to this 
highest system of the Older Palaeozoic are ‘ Murchisonian ’ by 
D’Orbigny, and ‘Bohemian’ and ‘ Gothlandian ’ by De Lap 
parent , but the name Silurian, which has the claim of priority, 
is now almost universally employed by geologists all over the 
world 

Following Murchison’s original classification, the Silurian is 
regarded as consisting of three members— the Ludlow, at the 
top , the Wenlock, m the middle , and the Llandovery, or May 
Hill Beds, at the base 

Characterlitlos of the Silurian Fauna and Flora — 


Several very interesting alge (seaweeds) have been recognised 
m the Silurian rocks, including the remarkable form known as 
Pachytlieca 

Among the lowest forms of animal life present m the 
Silurian rocks are the Graptolites, usually referred by zoologists 
to the order of the Ilydrozoa The Silurian graptolites are 
nearly all single forms, 
like Monograptus (fig 667), 



Monograplus prwdon,Gdti imt size 
Ludlow and Wenlock Sliales, and Bala group 


though a few double forms 
occur at the base of the 
system Branched forms 


of Graptolites, so common 
in the Ordovician, are quite unknown in the Silurian, and the 


whole order of Graptolita or Rhabdophora appears to have died 


out shortly after the close of the Silurian 


A second extinct order abundantly represented in the Silu 
nan, and also referred by zoologists to the Hydrozoa, was that 
known as Stromatoporoidea The Stromatoporoids had coral 
like, calcareous skeletons made up of a number of concentric 
layers , they lived on abundantly into the Newer Palaeozoic Era 
The true Corals, which are very abundant, are represented 
by many Tetracoralla (Rugosa), mcludmg both forms like Om 
phyma (fig 668), which are simple, some of them being oper 
culate like Goniophylhim, and compound forms like Acervularta 
Stauna^ &c With these we have many of the so called Tabulata, 
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including such characteristic genera as Halysitea (fig 569) and 
Favoaites (fig 670), the systematic position of which is still 
regarded by naturalists as very doubtful 


Fig 568 


Fig 669 



OMji/iymn tuil>uin/a 1 sp J 
{< yathnphyUum^ (rol<U ) 
Wcnlook Limestone, Shropshire 


llalutiks catmulana, L sp , J 
Upper diid Lower Silurim 



The Echinoderniata of the Siluiian include groat numbers 
of Crinoids, all belonging to the Fala,ocrinoidea or Tesse 
lata, in which the plates composing the calyx are fused 


Pig 670 



yoihlaudica, Lim Duflloy 
a Portion of k large mass less than the 
natural size 

h Magiufled poitioii, to show the pores and 
the partitions in the tubes 


Fife 671 



J neudocnmtis bifu'^ciafus, 
Pearoc. 5j 

Wenlock 1 imestono, 
Dudley 


together Cyathoermus, Taxocnnua, Crotalocrinua are all 
abundant genera The remarkable Cystoidea are represented 
by Echinoaphieritca, Caryoennua, and Paeudoenmtea In 
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addition we have a few forms of Echini {Bothnocidans, Palm 
chnus, &c ), and of Star fish {Protaster , &c ) 

Bryozoa are known m the Silurian, but are not abundant , 


Pig 572 



/ iitii DIP) ui oblonffii'^y Sow , lilt sm Upitcr and Lown Lliimlovcij btiii 
a,h tlio sliUl Itself from fuuns iii MurcliiMiii » Sil S\st 

c L 1 st with jHiition of shell renidimni,, and with tin, hollow of the central septum 
hlled with oik spu 

ti Jiitinul ( ast of ivihi,tht spire once o(( npied h\ tiu stjifiim lieinj, lepre 
teiiited by i hollow, in wlnth is si oil a< ist of the chvmhor within tin siptuni 


the Bi ichiopoda, howc\ er, form a large and very important part 
of tlie m irine fauna Among the most characteristic genera are 
Pcntamcrus (figs 572, 57«3), with the subgenus StncMandmia 


iig 673 



Peiitame) us huightu, bow 4 U'lt A\ uicstry 
a \iew of both vilves unitoJ h Lonfeitudinal section thiough both 

V lives, showing the central plates or stpta 


(figs 574, 575) Many forms of Orthu (fig 576), Strophomena 
(fig 577), Atrypa (fig 578), with Bhynchonella (figs 679, 680) 
and Lingula (fig 681), also occur 



Hkynchanella WiUom Sow , nat size 
Aymestry 


Rhynchonella navKula^ Sow 
nat size iJudlowBeds. 

DO 
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ko, compared with the Brachiopoda, the Lamellibranchiate 
shells are very rare in the Silnnan, the most characteristic form 
Fik 581 Cardmla 

The Gastropoda are numerous and inte 
resting, mcludmg Turbo, Capulus, and other 
holostomatous forms Among the Pteropods 
we have the interesting Tcntacuhtes (fig 582) 
Among the Cephalopods of the Silurian 
we have no representatives of Amraonoidca 
Nautilus 18 present, with many forms of 
Orthoceras (fig 683), Litmtes (fig 5QS),Phrag 
moaras (fig 584), Cyrtoceras, Oomphoceras, 
Endoccras, &c 

The Arthropods are represented in the 
Silurian by many Trilobites, among which 
may be mentioned Galymene (fig 58C), Phacops (fig 587), 
Splicerexochns (fig 688), and HomalonoUis (fig 589) 



Pig 682 



Tmtacuhteh aiinula/u\, Sclilotli Interior casta 
in sandstont Upper Llandoverj, Baatnor 
Park near Malvern 

Natural size and magnified 


Fig 583 



Fragment of Orthoceias Indent 
1 Sow i 

LeintwardiiK, fehropshirt 


Fig 684 
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Shales and Downton Sandstone or ' passage-beds ’ (Tilestones of 
Murchison), of fine grained, yellowish sandstones which easily 
weather into a soft muddy state, and bard, red gnts, with the 
Ludlow shales below These latter sometimes contain concretionary 
limestones, and at Aymestry show a bed of hard crystalline argil 
laceous limestone in their upper portion The Aymestry limestone 
IS distinguished by containing numerous specimens of Pentamerns 
Knightn, Sow (fig 673, p 400), with Lingula Lewm, Sow (fig 581, 
p 402), Bhynchmella Wilsoni, Sow (fig 679, p 401), Atrypa rcti 
culata, L (fig 578, p 401), and many other species of Brachiopoda, 
with Tnlobites, Corals, &c The Ludlow shales contain Cephalopods 
like Orthoceras, Phragmoceras, and Litmtes, with one species of 
Graptolite {Monograptus prtodon, Gem ), while star fish, both Aster 
oidea and Ophiuroidea, are by no means rare in it In the thin 
' bone bed ’ near the top of the series, and also scattered through the 
strata, we find remains of fish and Eurypterida 

The Wenlock consists of the well known Wenlock or Dudley 
limestone, with the Wenlock shale below it and the Woolhope lime 
stone at its base The limestones of this senes are of concretionary 
character and crowded with exquisitely preserved fossils, among 
which Cnnoids, Corals, Brachiopods, and Tnlobites are particularly 
abundant The Wenlock limestones make a well marked escarpment 
above the underlying shales , the whole series having a thickness 
of 1,600 feet 

Between the Llandovery and Wenlock senes we have the 
Tarannon Shales and Denbighshire Gnts of North Wales, a series of 
beds containing a few of the fossils of the typical Wenlock and 
Llandovery beds with many Graptolites 

The Llandovery or May Hill Beds consist of sandstones and 
shales abounding in Brachiopoda, among which Pmtowcrwso6l!on^MS, 
Sow (fig 672), Stricklandinia fimto. Sow (fig 575), N fens, Sow) 
(fig 674), Orthts calhgramma, Dalm , 0 elegantula, Dalm (fig 576), 
Htrophmma compressa, Dalm (fig 577), are particularly abundant 
The beds are from 1,000 to 2,000 feet in thickness 

In the Lake district and the South of Scotland all the members 
of the Silurian system pass into masses of mudstone with numerous 
Graptolites (graptolitic facies) Numerous zones, each distinguished 
by special forms of Graptolites or Tnlobites have been recognised , 
but the exact correlation of these with the divisions m the typical 
Silunan area is still somewhat doubtful 

The three members of the Silunan system, as exhibited in the 
English districts where they are best developed, have been classi 
fied as follows — 

Shropshire and Wales Lake Bi'tnnt 

Ludlow ( I r jggjgf beds 

(Sibhel T" 

mestone 

^1 V, ( Lower Ludlow beds Bannisdale slates 

weniocK j limestone Coniston gnts 

Hnlonlan 1 Woolhope Coniston flags 

Miopian ^ or BarrUmestone 
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May Hill, 
Llandovery 
or 

Valentian 


Shropshire and Wales Lake District 

'Tarannon shales Browgill beds 

May Hill sandstone (Upper Stockdale shales 
Llandovery) 

Lower Llandovery Skellgill beds 


In Scotland, as in the Lake District, the conspicuous beds of 
limestone are wanting, and the formations are represented by thick 
masses of black slate, occasionally containing graptolites, which 
alternate with flagstones and greywackts In the Pentland Hills, 
local representatives of the Ludlow and Wenlock divisions occur, 
while the Tarannon Hhales are represented by the Gala beds, and the 
Llandovery (Skelgill) Shales by great masses of black shales that 
cover a large area in the Border Countri and are known as the 
Birkhill Shales 

The minor subdivisions of the Silurian in the typical area 
(Salopian type) are described in the following pages 


1 Kudlow rormatlon — 

This has been subdivided into two 
parts— the Upper Ludlow and the 
Lower Ludlow Each of these may 
be distinguished near the town of 
Ludlow, and at other places in 
Shropshire and Herefordshire, by 
peculiar organic remains, but out 
of 892 species found in the Ludlow 
formation as a whole, not more 
than 6 per cent are common to the 
overlying Devonian, and nearly all 
of those are fish and Crustacea 
On the other hand, 129 of these 
species occur in the underlying 
Wenlock deposits 

a Upper Kudlow, Downton 
Sandstone —At the top of this sub 
dnisioii there occur beds of fine 
grained yellowish sandstone and 
hard reddish grits which were for 
merly reftried bj Sir R Murchison 
to tlic Old Red Sandstone, under 
the name of ‘ Tilestones ’ In mine 
ral character this group forms a 
transition from the Silurian to the 
Old R( d Sandstone , but it is now 
ascertained that the fossils agru m 
great part specifically, and in gtiu 
ral character entirely, with those of 
the underlyingUpper Ludlow rocks, 
many passing upwards Among 
these are Orthoceras bullatum, 
Sow , Flatyschisma helmtes, Sow 
Bellerophon tnlohatus, Sow, 
Chonetes latm^ Sow , &c Crustacea 
of the genera Pterygotus, Eury 
pterus, and Stylomrus are met witii, 
and Fish-— Cephalaspta, Pteraspts, 
Scaphaspis, Auel^aspts, and 
Ewteraspis 


Bone bed of the Upper Lud 
low — At the base of the Downton 
sandstones there occurs a bone bed 
which deserves especial notice as 
affording the most ancient example 
of fossil fish occurring in any con 
siderable quantity It usually con 
sists of one or two thin layers of 
brown bony fragments near the 
junction of the Old Red Sandstone 
and the Ludlow rocks It is seen 
near the town of Ludlow, where it 
IS three or four inches thick, and 
has been traced to a distance of 45 
miles from that point mto Glouces 
tershire and other counties, being 
commonly not more than an inch 
thick, but varying to nearly a foot 
Near Ludlow two bone beds are 
observable, with 14 feet of inter 
vening strata full of Upper Ludlow 
fossils Immediately above the 
upper fish bed, numerous small 
globular bodies ha\e been found, 
which Were once considered to be 
the sporangia of a lycopodiaceous 
1 ind plant, but have now been 
shown to be the remains of a sea 
weed, it 18 called Pachytheca 
sphccrica, J Hook 

Some of the fish remains are of 
the plucoid order, and may be re 
ferred to the genus Onchus, to 
which the spine (fig 590) belongs 
The minute scales (fig 691) may 
also belong to a placoid fish The 
jaw and teeth of another predaceous 
Mnus, Plectrodus miraUlxs, Ag 
(fig 692), have also been detected, 
together with some ^cunens of 
Pteraspta ludensts, Salt As is 
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usual in bone beds, the teeth and 
bones are, for the most part, frag 
mentary and rolled Associated with 
these fish defences or Ichthyodoru 
htes, and closely resembling them, 
are numerous prongs or tail spines 
of large phyllopod crustaceans 
which ha^ o bt cn, and still are fre 
quently, mistaken for the dorsal 
spines of fish 

Grey Sandstone and Mudstone, 
(fc — The next subdivision of the 
Upper Ludlow consists of gre>, cal 
caieouB sandstone, or rery com 
monly a mitaceoub rot k, decompos 
mg into soft mud, and contains, 
besides the shells mentioned at j) 
404, Lingula cornea, Sow , Orthis 
orhiculans, Sow , a round variety 
of 0 elegantula, Dalm (fig 670), 
Modiolopsis platyphylla, Salt , 
Grammytia cingulata, His sp, 
all characteristic of the Upper Lud 
low The lowest or mudstone beds 
contain lihynchonella navicula, 
Sow (fig 580), which is common to 
this bed and the Lower Ludlow 
Usually, in Palasozoic strata older 
than the Coal, the Brachiopoda 
greatly outnumber the Lannlli 
branchiata But it is rimarkabh 
that in these Ujiper Ludlow ro(ks 
the Lamelhbranehiata outnumlxr 
the Braehiopoda, there being 60 
species of the first and only 27 of 
the last group Amongst the genera 
represented are Avicuh and PUn 
nea, Cardwla, Ctenodonta (sub 
genus of Nucula), Orthonota, Mo 
dioUypsis, and Palaarca 

Some of the Upper Ludlow 
sandstones are ripple marked, thus 
affording evidence of gradual depo 
sition, and the same may be said 
of the accompanying fine argilla 
ceous shales, which are of great 
thickness, and have been provin 
cially named ‘ mudstones In some 
of these shales, stems of Cnnoidea 
ore found in an erect position, 
having evidently become fossil on 
the spots where they grew at the 
bottom of the sea The facility 
with which these rooks weather 
into mud, proves that, notwith 
standing their antiquity, they have 
not been subjected to any great 
chemical changes, but are nearly 
in the state in which they were 
onginally deposited 


b Lower Ludlow beds.— 

The chief mass of this formation 
consists of a dark grey argillaceous 
shale with calcareous concretions, 
having a maximum thickness of 
1 000 feet In some places, and 
especially at Avmestry in Htn ford 
hhire, a 8uber> stalhne and argill i 
ceous limestone, sometiim s 50 f< rt 
thick, overlies the shale, and ap 
pears rising above the denudid 
Lower Ludlow shales It is not 
vtr> continuous, so that the shales 
of the Lovvir and the strata of 
the Upper Ludlow come together 
111 ound it Sir II Murchison cl isst d 
this Aymestry limestom as holding 
an intermediate position betwein 
the Upper and Lower Ludlow It 
18 distinguished by the abundance 
of Pentamerus Kmghin, Sow (fig 
678), also found in the Wenlock 
limestone and shale This genus 
of Brachiopoda IS exclusive! j Palao 
zoic The name was derived from 
ic(vrf,pente, five, and ptpos, nuros, 
a part, because both valves are 
divided by a central septum, making 
four chambers, and in one valvi the 
septum itself contains a small 
chambi r, making five The size of 
these septa is enormous compared 
with those of any othei Brachiopod 
shell, and they must neaily have 
divided the animal into two equal 
halves, but they are, nevertheless, 
of tlie same nature, as the septa or 
jilates which are found in the inte 
nor of Spinfna, Uncihs, and 
many other sliells of this order 
Murchison and De Verneuil dis 
covered this species dispersed in 
myriads through a white limestone 
of biluriau age on the banks of the 
Is, on the eastern flank of the Urals 
in Russia, and a similar species is 
frequent in Sweden 

Three common shells in the Ay 
imstry hmeBtone art — Lingula 
Lewisii, Sow (fig '581) , lihyncho 
nclla IFtf60Wi,Sow (fig 671)), which 
18 also common to the Lowei 
Ludlow and Wenlock limestones, 
Atrypa reticulata, L (fig 678), 
which has a very wide range, being 
found in every pait of the Silurian 
system, and even passes up into 
the Middle Devonian series 

The Aymestry Limestone con 
tains many shells, especially bra 
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chiopoda, corals, trilobites, and 
other fossils, amounting m the 
whole to 84 species, all except three 
or four being common to the beds 
either above or below 

The Lower Ludlow Shale con 
tains many large Cephalopoda not 
known in newer roiks, such as 
Phragmoards m(\ LHmtes (Sec 
figs ')84, '58’) ) The litter is partly 
straight and partly ( onvoluted in a 
very flat spire Orlhocerm liuhtm , 
J Sow (fig 588) also occurs 

A species of Graptolite, Mono 
grapina prwdon, ftein (fig 567, 
p 848), occurs plentifully in tin 
Lower Ludlow The Graptolitos 
will be noticed further on, but they 
became extinct during the Ludlow 
age 

St ir fish, as Sir R Murehison 
pointed out, art by no means rare 
111 the Lower Ludlow rock These 
fossils, of which () extinct genera 
are now know n in the Ludlow senes, 
represented by 18 species, remind 
us of various living forms of the 
orders Aattroidea and Opktn 
roidtii now found in our British 
seas, but their anatomical details 
difft r greatly 

The two great orders of the class 
( uistacea m the Ludlow roeks are 
the Merostomata ind the Plijllo 
poda, and they iirt dominate ovei 
the Tnlobita, whitli were waning as 
a great group, and were destined to 
become gradually extinct timing 
the Devonian, Caiboniferous, and 
Permian penods 

Of all tht gtnera of Tnlobita so 
t oniinon in the Silurian and Cam 
brian formations, only two, Uovia 
lonotus and Phacops, survived the 
changes which introduced the 
Devonian formation Six of the 
species of Merostomata pass up into 
the Old Red Sandstone 

Oldest known fossil flsb 
Until 1859 tht re was no fossil hsh 
known older than the bone bed of 
the Upper Ludlow , but Stapluupia 
(Pteraspia) ludenaia, Salt, has 
been found in Lower Ludlow shale 
at Church Hill, near Leintwardiiie, 
in Shropshire, by the late J E Lee, 
of Caerleon 

These fish were long regarded 
as the oldest representatives of the 
vertebrate senes, but Dr Lindstrom 


has recently found Cyathaapu in 
the Gothland Limestone of Sweden, 
which IS of Wenlock age, while, m 
America, Walcott has desenbed 
fish remains as occurring m strata 
that are bdu vt d by him to be of 
Oidovu 1 111 age 

2 Wenlock Formation — 

\\< next come to tJic Wenlock for 
m ition, whu b li is been divided into 
a, Wenlock iiim stone and Wenlock 
shale and h, Woolhope limestone, 
1 iiannon shale, and Denbighshire 
grits 

a Wenhxk LioKatone — This 
lunestotio, otherwise well known to 
eolleetors by the nann of the Dudley 
I limestone, forms a continuous ridge 
in Shiopshirt, ranging for about 
20 miles from b W to N I'j , about 
a mile distint from tlu nearly 
parallel escarpment of tin Aymes 
try limestone This iidgy pro 
raiuencc is due to tin solidity of 
the rotk, and to the sottness of the 
shales above and below it Neir 
Wenlock it consists of thick masses 
of grey subcrystallim limestone, 
replete with corals, Lncrinites, and 
Trilobites It is essentially of a 
concretionary nature , and the ( on 
oretioiis, termed ‘ ball stones ’ m 
Shropshiu, are often veiy large, 

( ven 80 feet m diamt ter Tliey aie 
composed chiefly of eaibonate of 
him, the surioundnig roik being 
more or less argillaceous Some 
tunes this limestone is oolitic All 
the limestom s of the Uppei biluiian 
form great leritieulai masses, and 
thm out so as to have tluir space 
occupied by the slialy stiata of the 
lower and upper divisions of the 
same great age 

Among the eorals in which this 
formation is so rich, 76 spi cies being 
known, the ‘ Cham coxal, Ihdg 
utes catcnulatua, L sp (hg 569), 
may be pointed out as one very 
easily leeognised, and widely spread 
m Euiope, ranging tliumgh all 
paitfl of the Silurian ind Ordo 
viciati, from the Iiudlow to near 
the bottom of the Llandeilo roeks 
Another coral, the Faooaitea goth 
landica, Lam (fig 570), is met 
with in profusion, in largo hemi 
spherical masses, which break up 
into columnar and prismatic frag 
ments Another common form m 
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the Wenlock lunestone is the 
Omphyma tnrbmata, L sp (fig 
668), which, like many of its modem 
companions, reminds us of some cup 
conU , but all the Silurian genera 
belong to the Palieozoic type before 
mentioned (p 

Among the numerous Cnnoidea, 
sevoial peculiar species of Cyatho 
crtnuH, Cruialocrinus, itc , con 
tribute d then dismembend cal 
caieous stems, irma, and cups 
towards tin composition of the 
Wenlock limostoiu Of Cystoid< a 
theic are a \oij few Kinukible 
forms, most of tliem piculiar to 
the Silurian system , as, for < \am 
pie, the Pi,eudocrimti h, which was 
furnished with pinnated hxed arms, 
as represented ui the figure (fig 
571, p 899) 

The Brachiopoda preponderated 
over most of the other groups, no 
less than 22 genera and 101 sftocies 
being found Atrypa Barrandet., 
David, Orthn cpquwalms, David, 
StpJwnotreta anqhca, Mor, are 
special forms, about 11 species pass 
up into tlie Aymestry limestone 
hixamples are Atrypa reticulata^ 
L sp ,and Orthi<> eler/anfula, Dalm 

The Ciustacea are represented 
bj Euryptenda, which appear for 
the first time, including the ge 
nera Pterygotus and hurypterus, 
and bv Ostracoda and Trilobites 
The Tnlobite Calymene Blmnen 
Brong (fig *586;, is common, 
and it langes from the Llandeilo 
group to m ar the top of tin 
Silurian It is often found coiled 
up like tin common wood louse, 
and this is so usual a circumstance 
among c« rtain genera of Tnlobites 
as to K wl us to conclude that they 
must have habitually r« sorted to 
this mode of protecting themselves 
when alarmed hphcei exuchus 
mirus, Beyr (fig 688), is almost 
globular when rolled up, the fore 
bead or glabella of this species 
being extremely inflated The other 
common species are Enennurus 
punctatus, Emmr sp , and Phacopa 
caudatua, Brong (hg 687), which 
IS conspicuous for its large size 
and flattened form In the genus 
HomaXamtua the tripartite cUvision 
of the dorsal crust is almost lost 
(see fig 689) , it is charactenstic 


of this division of the Silurian 
series 

Wenhek ahale — Fine grey and 
black shales, with most of the fossils 
common to the overlying limestone 
In the Malvern district it is a mass 
of finely levigated argillaceous 
matte r, attaining, according to Pro- 
fcssoi PhillipH, a thukness of 
(>40 fut, but it IS hometimes more 
than 1,000 feet thick m Wnlis, and 
is woi ked for flagstones and slates 
Ihe jtrevaiiing fossils, besides corals 
and 'liilobit* s and some Cnnoidta, 
ire scKral small s|ucies of Orthis, 
Atrypa, and lihynrhontlla, and 
niimcioiis thin shelled sptcies of 
Orthoceraa 

About SIX species of Gr iptolites 
occur in this slule, GraptoUthua 
Pletmuyii, Silt, being piculiar, 
whilst Monoqraptus pru)don, Gem 
(fig 667), ranges through into the 
Ludlow group 

b Woolhope hmeatone under 
lies the Wenlock shale, and consists 
of grey shales, with nodular limi 
st im It IS well seen in the valley 
of Woolhope, and at Malvern there 
IS much shale beneath The fos 
Bils of the Woolhope limestone 
are principally Crustacea, all of the 
Tnlobite group, and Brachiopoda 
Examples of the fossils are Pha 
iopa caudatua, Brnng (hg 687), 
Houialonofua delphmot ephnlua, 
Green sp (fig 589), Strophomma 
imbrex, Pand , Bhynchonella Wil 
Honi, Sow (fig 679), and Euea 
lypfociinuH polydadylua, M‘Coy 
This limestone is in largf lentunlar 
masses, and is overlapped at its 
edges by the underlying shales 
whuh then join continuously with 
the Wenlocks above 

Theie is a very persistent si t of 
beds of hnc light grey or blm shah s, 
(termed ‘ paste rock ’), whu h he on 
the Upper Llandovery strata over 
a considerable tract of country from 
the Conway into Caermarthenshire, 
just as the Woolhope limestone 
covers these last mentioned strata 
in Shropshire and Herefordshire 
These Tarannon shales are 1,000 to 
1,600 feet thick m places, and con 
tarn numerous species of Grapto 
htea, corals of the genera Favoaitea 
and Oyathophyllnm one of the 
Crmoidea, Actmocnmia pulcher^ 



CH xxiy ] LLANDOVERY OR MAY-HILL BEDS 409 


Salt, which passes up into the 
Lower Ludlow, and the Brachiopod 
Lmgula Symondsii, Salt The 
Tarannon shales are covered, in 
Denbighshire, by grits and sand 
stones at least S,000 feet thick, 
which pass into hard shales of pro 
bably Wenlock ago These Den 
bighshire grits form mountain 
ranges m North and South Wales, 
and produce a very sterile soil 
They wore formed probably during 
the time of the accumulation of 
the Wenlock deposits It is inte 
resting to note tliat these grits do 
not pass up into the base of the Old 
Red Sandstone, but lie uiuonfoim 
ably below it, indicating great ter 
restrial movements before its depo 
sition This IS very different from 
tlie state of things sixty miles off, 
where the Old Red rests conform 
ably on the underlying Silurian 
Dr Ilicks found vegetable re 
mains in the Denbighshire grits, 
such as the Pachythfca already 
notutd (p 40')), and a remarkable 
marine Alga Nemafovhijcus, which 
probably resembled the great 
branching Lmonia of the present 
day in its habit Many of these 
great marine Algae of the existing 
ocean measure 80 feet m length 
and a foot in diameter 

The marine fossils include 
sponges (Cliona pnsca, M'Coy) , 
corals {Favositen aspera, D’Orb , 
SynngopomserjiemjL ap), there 
are 19 species of Brachiopoda, all 
common to the Wenloc k Iimestom , 
and Cephalopoda, of the gemra 
Orthucerm, Fhragmoceras, and 
Cyrtocmi'i 

8 Llandovery group — 
Vpper Llandovery rocks ~ 

The succession of these strata, has 
been noticed, and it must bi ic 
membered that the Wenlock gioup 
rests conformably on the Upper 
Llandovery beds, which in their 
turn cover the worn and denuded 
surfaces of the disturbed, curved, 
and faulted underlying rocks to 
which they are unconformable 
Upper Llandovery rocks, named 
May Hill Sandstones by Sedgwick 
after the locality in Gloucestershire, 
where they are so well displayed, 
appear on the coast of Pembroke at 
Marloes Bay They range across 


South Wales until they are over 
lapped by the Old Red Sandstone 
and emerge again in Caermarthen 
shire, and can be traced north east 
wards as a narrow strip at the base 
of the Silurian scries, from a few 
feet to 1,000 feet or more in thick 
ness, as far as the Longmynd, 
where, is a conglomerate, they 
wiap round that ancient pre 
Cambrian ridge and disappear In 
the course of tins long tract they 
pass successively and unconform 
ably over Lower Llandovery, Cara 
doe Llandeilo, and pre Cambrian 
rocks They consist of brownish 
and yellowish sandstones with cal 
careous nodules, having sometimes 
a conglomerate at the base derived 
from the waste of older rocks 
The fauna of the Upper LI in 
dovery rocks consists of 240 species, 
and there are only 91 of these which 
do not pass up into the Wenlock 
group, so that the physical uncon 
formity of the two groups is ivc 
compiinied by no palseontological 
break of importance The Lamelh 
branchiata become of importance 
mtliis fauna, as do the Gastropoda 
of the genera Holopella, Atrocuha, 
Hhaphistoma, and Turbo The 
Brachiopoda numbei in species 
more than double those of any 
other class, there being 6'5 species, 
including Fentatnerus ohlongus, 
Sow (fig 674), Stncklandima 
hrata, Sow sp (hg 'iTS), S lens, 
Sow sp (fig 674), Ortfm calh 
gromma, Dalra , 0 elegant ula, 
Dalin , Strophomena compressa, 
Sow Among the corals Favosites 
and Hehohfes are found Ihe 
hrst fihmoid occurs, Falaclnuiis 
IhiUipstce, i'orheti, and its plates 
ibut one against the other and do 
not overlap Tentaculites is found 
(fig 6«2), and also Cornuhtes 
Pentamerus ohlongus, Sow , 
accompanied by Stncklandima 
hrata. Sow sp , have a wide geo 
graphical range, being also met 
with m the same part of the Silurian 
senes m Russia and the United 
States The Trilobites are of the 
genera lUanus, Calymene, Encrt 
nurus and Fhacops 

Lower Llanaovery rooks. 
The Upper Llandovery strata reel 
unoonformably on the Lower, sud 
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there is a clear physical break, 
but the paleeontological break is 
not of corresponding importance to 
it The hard slaty rocks and con 
glomerates, from fiOO to 1,000 feet 
in tliukness, of the Lower Llan 
do\ er} group contain a fauna of 68 
genera and 204 species More than 
one half (104) of tlic species pass up 
into the Upper Llandovery strata 
Ltheridge explains that the lapse 
of tune which oi cuircdla tween the 
disturbance of the Lowei Llando 
ver> rocks and tlie deposition of 
the Upper, was not of sufficient 
duration to cause the extinction 
01 migration of the older fauna 
or tlu‘ introduction of a perfectly 
now one The physical change in 
all probability was not very widely 
felt 

The Brachiopoda aie numeious 
in the Lower Llandovery rocks, 
and the genera Pentameiun and 
htiuktandima appear for the first 
tmn , tin sp< cies with the most 
numerous individuals being Stmk 
landima lens, Sow sp , »S lirata, 
Sow sp , and Pentamu us obhn 
gui, Sow sp, P imdatus, Sow 


Sir Roderick Murtliison's 
‘Siliiria’ nuj still be referred to 
by students as containing the 
fullest account of the strata of this 
age in the typical arei, see also 
‘ The Geology of South Shropshire, 
by Prof Lapworth and Mr W W 
Watts, Proc Geol Ass 1894 The 
works of M Barrande contain 
desciiptions of the numerous and 


sp , especially the first named The 
genus Murchmma occurs among 
the Gastropoda, and Bellerophon 
with Conn I ana (a Pteropod) is 
also represented The Trilobites 
aie remarkable, because no less 
than 18 species pass into this 
group of strata from lower rocks, 
and 10 pass upwards into the 
Uppci Idaiidoviry group, and this 
passage of forms is noticed also in 
the Actiiio7oa, but in a greater 
degree The Graptohtes are very 
rare in the Fnglish Lower Llan 
dover> strata 

It appears that the Lower Llan 
dovery strata, having a fauna, the 
h ilf of which lived cm, in the Upper 
Llandovery rocks, and lO*) species 
of which are also found fossil in the 
underlying Caradoc or Bala strata, 
arc occasionally unconformable to 
the se last The importance of this 
palifiontologie il continuity, asso 
ciated with uneonfonmty, may be 
estimated by tin fact tliat the 
underlying Caradoc formation eon 
tains 614 species, and thus one 
sixth of that fauna passes upwards 
into the Silurian 


well pieserved fossils of the peiiod 
which are found in Boln mia 
Lindstrom and othi r authors have 
described the Scandinavian stiata 
and fossils, while a good siirnmaiy 
of our knowledge of the biluriaii 
fossils of North Arnerici will be 
found III Dana’s ‘Manual of (reo 
logy,’ and in tin Corn latioii papi rs 
of the U S Geological burvey 
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ClasHifaeation of Ordovician strata — Cliaracteiisties of the nmi me Fauna — 
Foraminiftra ~Gi aptohte s- Eehinodeimata— Brachiopoda— Gastio 
poda— Cei)hah)])oda - Worms — Trilobita and their oiganisation— Bala 
or Caradoc strita — Llandcilo beds— Arenig beds or btiper stones — 
Ordovician strata of the Lake District — Ordovician strata of Scotland 

Nomenclature ana Claeslfloation of the Ordovician 

strata —Much confusion in nomenclature with respect to the 
system of strata containing Barrande ’s second fauna has arisen 
from the unfortunate misunderstanding between Sedgwick and 
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Murchison The followers of Murchison, with the powerful 
support of the Geological Survey, have insisted on calling the 
system ‘ the Lower Silurian,’ while the supporters of Sedgwick, 
comprising many of his pupils at Cambridge, have named it 
‘ Upper Cambri in ’ Attempts at a compromise, like the proposal 
to call the period Cambro Silurian or Silnro Cambrian, have 
not met with much success, and hence those geologists who 
think that giiieial (onvemence should be the m im considera 
tion in trammg a classihcation and nomencl iturc, hive gladly 
welcomed the suggestion of Professor Lapvvoith to call the dis- 
puted strita ‘Ordovician’ This name is dciued fiom the 
undent Dritisli tribe (Ordovices) which inhabited the district 
wliero the strata are best developed, and hence the tcim may 
be regarded as strictly parallel m its derivation with the names 
Cimbrian and Silurian 

L Orbign^ called this system of strata Silurian, distinguish 
mg the true Silurian as Murchisonian, while de Lapparent applied 
to it the name of Armorican, subseipiently withdrawing the 
name m favour of Tjapworth’s suggestion 

The dispute concerning names between Sedgwick and 

Murchison was not confined to the three great systems them 
selves, but extended to the nomenclature of the smaller divisions 
of the strata containing the second fauna Most geologists now 
recognise a threefold division of the Ordovichin, and the names 
api)hed to them by Sedgwick and Murchison res})ectivcly were 
IS follows — 

Sc (Ij, wick Muichisoii 

Bala Caradoc 

Llandeilo Uppei Llandeilo 

Arenig Lower Llandeilo 

Characteristics of the Ordovician Fauna and Flora — 

Although many of the forms regarded as seaweeds m the Ordo- 
vician and underlying Cambrian are now recognised as being 
the trails and markings of animals, the re are some examples of 
true alge Among these must probably be classed the curious 
Calcareous alg* {Girvandla, Ac ) which sometimes make up a 
great portion of the limestone beds, and the other obscure 
organisms com erned 111 pi oduciiig rocks of oolitic and pisolitic 
structure 

Among the Protozoa, we have many Foramimfera, like those 
which hav e been instrumental m the formation of the Glauconite 
sand and Glauconite limestone of Russia In recent jears thick 
and important siliceous deposits, made up of Radiolarians, have 
been found in Scotland and other countries As a rule, however. 
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Aulocopium, are not rare, and perhaps belong to synthetic 
forms combinmg characters which in later tunes distinguished 
Hexactmellid and Lithistid forms 

The Graptolites of the Ordovician are very numerous and 
interesting, and include great numbers of branched and double 
forms like DiA^mograptm (hgs 598, 594), Dtplograptua (fig 
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695), Phyllograptus (fig 690), Tetragraptus, Dichograptus, &c , 
with a few pecuhar simple forms like Bastntea (fig 697), 
and the complex, nethke 
genus BetioUtes Pik 

Stromatoporoidea make 
their appearance in the 
Ordovician, though they 
attam their maximum de 
velopment in the Silurian 
and Devonian 

True Corals are abun 
dant in some of the lime 
stone beds, but do not 
occur in the same profu 
Sion as in the Silurian 
The coral like structures are Tetracoralla (Rugosa), Tabulate 
forms (Monticulipondse), and HydrocoraUmse 
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Echmoderms are principally represented by Cystoidea, like 
Echmospheentes (fig 698), a group which attained its maximum 
development at this period The Cnnoids, however, are rare in 
the Ordovician, while some starfish, like Palmitev, are found 
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It 18 by the abundance and variety of its Brachiopod fauna 
that the Ordovician system is especially distinguished Many 
species of Ortliu (figs 600, 601), Leptcena, 
and Strophomena (fig 602), occur in it, 
jk with certain genera not found in any other 

M S 3 ^stem, like Poramhomtrs, Orth%8ma, and 

Plafy^trophia , and others found only in the 
Ordovician of Russia and North America, 
like Oholits (fig 604), Siphnnotreta (fig 
603), Tnmcrclla, &c 

In striking contrast with this abundant 
Minthmim grafih% and remarkable Brachiopod fauna, the 
Hall Nat sm Lamellibranchiata of the Ordovician are 
^are and comparatively unimportant, and 
no simipalliate forms are found m it 
The Gastropoda include Murclnsoma (fig 605), and the 
remarkable form Maclurea Pteropods like Threap Tenta 
cullies^ and Conulana are abundant 



Orthocerat dupUr Wahlcnh Ru^m and S\\o(lpn 
(I roni Muichisoii’s Biluna ) 

a Lateral siphunole laid han by tlie removal of a portion of the ( liamberod sliell 
h Continuation of tin same soon tii i transverse set tioii of the shell 


TheCephalopodsmcliido many forms of Nautilus, Orthorera 8, 
and other genera of the Nautiloidea like those of the Silurian 
The abundance and variety 
of the Vermes of this period are 
testified to by the numerous 
tracks and burrows formed by 
these organisms (see fig 607) 
The Trilobita of the Ordo 
vician are only inferior m 
numbers and \ariet\ to the Bra 
chiopoda , among the most abun 
dant genera are Asaphus (fig 
608), Oqygia (fig 609), Tnnu 

ArmteolHe^hniniu r i 

Arenigbtds Stipirstonps (fags 610, 611), Lichas, 

a Parting betw^n the btds, or Acidosms, &C 
planes of bedding ^ \ 

Ostracods and Phyllopods 
are the only Arthropods besides the Trilobites which are present 
in any abundance in the Ordovician 




CH Jtxv] 


ORDOVICIAN TRILOBITES 


416 


Traces of Ganoid fish are said to have been found in the 
Ordovician of Colorado, but it is doubtful if the beds have really 
the age which has been assigned to them 


Fik ti08 



Amphnstvrannvi 
LlanduU) Bishop s Castle, &o 


Pig 610 

ah e 



Young uiilividuals of TmmUmmi 
ceiitncu^, taton 

rt Youngest state Natural size 
anil magnifltil tin body rings 
not at all developed 
h A little older One thorax joint 
c Still more advanced Three tho 
rax joints The fourth fifth 
and sixth segments are succes- 
sively proiluceil probably each 
time the animal moulted Its 
crust 


Pig 609 



Oqvgia Buehn Burm 
Syn Amphu^ Buchv Broiig 
Bmith Iladnorshire Lhndt ilo, 
Cacnnartheiishiri 


Fig 611 



TiinucUn^ concent nens, Futon nat sl/e 
Syn T Caradaci March 
Ireland Wales Shropshire N America 
Bohemia 


British representatives of the Ordovician System -The 
Ordovician consists of three members which following the nomen 
clature of Sedgwick are called Bala, Llandeilo, and Arenig , while 
the names adopted by Murchison and the Geological Survey for 
the same divisions were Caradoc, Upper Llandeilo flags, and Lowei 
Llandeilo flags 

1 The Bala and Caradoo Caor Curodoc in Shropshire It 
group —The Caradoc Sandstone consists of shelly sandstones of 
was 80 named by Murchison, from gieat thickness, sometunes contain- 
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mg much calcareous matter In 
the Bala distnct there is an upper 
and a lower limestone, with an 
intermediate senes of sandy and 
slaty strata, the lower limestone 
has a great extension m North 
Wales 

These very fossiliferous strata 
contain a large number of Brachio 
poda, Strophomena grandis. Sow 
sp (fig 602), S deitotdea, Cour 
sp, Ghonetes phcata, Sow sp, 
and Bhijnchonella nasuta, M'Coy, 
being amongst the characteristic 
species, whilst Orthis vaperhliOy 
Salt (fig 601), and Orih<i tncena 
nay Conrad (fig 600), arc common 
to this group and the Llandovery 
There are no less than 109 species 
of Braehiopoda in the group, and 
they outnumber the Laraellibran 
chiata with 76 species, as is almost 
always the case in the Ordovician 
rocks of every country Tin ir pro 
portional numbers can by no means 
be explained by supposing them to 
have inhabited seas of great d( pth, 
for the contrast between the Palseo 
zoic and the present state of things 
has not been essentiallv altered by 
the late discoveries made in our 
deep sea dredgings We hnd tin 
living Braehiopoda so rare as to 
form a very small fraction of the 
whole bivalve fauna, whereas, in 
the Ordovician rocks, where the 
Braehiopoda reach their maximum, 
they are greatly m excess of the 
Lamellibranchiata 

There may, indeed, be said 
to be a continued decrease of the 
proportional number of Brochio 
poda, as compared with that of the 
Lamellibranchiata, m proceeding 
from older to newer rocks 

The Gastropoda are very nu 
merous, and amongst the 68 species 
only two are known in lower rocks, 
and 10 pass upwards, so that a cha 
racteristic senes of 41 species exists 
They indicate, as do the Lamelli 
branchiata, shallow water condi 
tions, somi of the genera being Mur 
chuonia, Hokwella, lihaphiistoma, 
and Turbo Pteropoda and Hete 
ropoda are found, and there are 47 
species of Cephalopoda, of which 89 
are peculiar to the groups of strata 
Litmtes, Orthoceras, and Cyrto 
ceras are common genera 


The Crustacea are the most 
conspicuous fossils m this group of 
strata, and no less than 128 species 
of Tnlobita have been discovered 
Only 15 pass upwards, and amongst 
them are—Ccuymene Blumenba 
chit, Brong , Enennurus puncta 
tu<t Emmr sp , Ltchas laxatus, 
M'Coy, and Phacops caudatus, 
Brunn Some of the most charac 
teristic genera are Harpes, Sal 
tena, and Gy dopy ge Certain of the 
Tnlobita found in the Caradoc 
group lived on into the Silurian, 
and Tnnudeus concentneus, Ea 
ton (fig 611), Galymene Blumen 
hnchiiy Brong , and Ampyx roitra 
tm, Sara , are examples of this 
The Tnlobite order of Crustacea 
has a great number of genera 
which are found in the Palseozoic 
rocks, from the Permian downwards 
It was at its maximum of numbers 
in the Caradoc age, and diminished 
rapidly in the D( vonian, becoming 
rare andextinctin the Carboniferous 
and Permian formations The tri 
lobed body, with a cepliahc or head 
shield bearing a pair of eyes, with 
bo<lv rings and a hinder shield or 
pygidium, are well seen in moat of 
the order borne have the angles of 
the cephalic shield prolonged into 
long spines, like Tnnudeus (fig 
611) Burmeisterwasofopinionthat 
the Tnlobita underwent a series of 
transformations analogous to those 
of living Crustaceans Barrande 
has obtained complete proofs of 
these metamorphoses, and he has 
been able in more than twenty 
species to trace the different stages 
of growth from the young state, just 
after its escape from the egg, to the 
adult fonn He has followed some 
of them from a point in which they 
show no eyes, no joints, or body 
rings, and no distinct tail, up to the 
complete form with the full iiumbi r 
of segments Thisthangc is brought 
about before the animal has at 
tamed a tenth part of its full 
dimensions, and hence such minute 
and delicate specimens are rarely 
met with Some of his figures of 
the metamorphoses of the common 
Tnnudeus are copied (figs 610, 

611, or-c, p 415), and of Sao (fig 
616, p 423) 

Until recent years it was only 
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the upper surface of the Trilobites 
that was known to naturalists 
But the studies of Walcott and 
Becher have shown that the Tnlo 
bita were furnished with numerous 
delicate, jointed, swimming appen 
dages on their under side, with 
antennae attached to their head 
shields 

The Bugose Corals, the Alcyo 
naria and Hydrocorallina, were well 
represented in the Bala btds by 
Cyathophyllum, Heholitn, and 
Haly sites The Echinod* rmata 
were represented by the Cystoidea 
(fig 598), and M3 species are clia 
racteristic , one also {Echinosphe 
ntcH arachnoidta, Forbes) passes 
up into tin Llandovery group 
The Cystoidea were stalked as a 
rule, and btcarae extinct during 
tho Devonian ago It is interest 
mg to note that the Blastoidea, 
of which Pentremites is a well 
known Carboniferous genus, began 
to flourish when the Cystoidea 
began to sc riously dimmish in 
numbers, and gained their maxi 
mum development during the Car 
boniferous age All were Palteo 
ZOIC Cnnoidea existed m the 
Caradoc age, and also Asteroidea 
of the genera PalceasUr (hg 500) 
and Stenaster 

Graptolites occur in conside 
rabic abundance, but they are 
chiefly found in peculiar localities 
where black mud abounded The 
formation, when traced into South 
Wales and Ireland, assumes a 
greatly altoied mineral aspect, but 
still retains its eharaeteristie fossils 
It 18 worthy of remark that when 
these strata cxicur under the form of 
‘ trappean tuff ’ (volcanic ashes of De 
la Btehe), as in the crest of Snow 
don, the peculiar specie s which dis 
tinguish it from the Llandtilo beds 
arc still observable The formation 
geneiallj appears to be ot shallow 
water origin, and iii that respect is 
contrasted with the group next to 
be desci ibed Sir A Ramsay esti 
mates the thickness of the Bala 
beds m North Wales, including the 
contemporaneous volcanic rocks, 
stratihed and unstratihcd, as being 
from 10,000 to 12,000 feet 

2 Llandello groupi— These 
strata at Llandeilo, a town m Caer 


marthenshire, consist of dark 
coloured argillaceous and micaceous 
flags, frequently calcareous, with a 
great thickness of shales below them, 
generally of a black colour They are 
also seen at Abereiddy Bay m Pem 
brokeshire, and at Builth m Rad 
norshire, where they are interstrati 
fled with volcanic matter They 
are conformable with the o/erlying 
Caradoc group 

A still lower part of the Llan 
deilo rocks consists of a black oar 
bonaceous slate of great thickness 
frequently containing sulphide of 
iron, and sometimes, as m Dam 
friesshire, beds of anthracite are 
present It has been conjectured 
that this carbonaceous matter may 
bo due m great measure to large 
quantities of embedded animal 
nmttci, for the number of grapto 
litcs included in these slates is cer 
taiiily very great In North and 
South Wales 25 s|)ecies of Grapto 
lites occur m the Llandeilo flags 
The double Graptolites, or those 
with two rows of cells, such as 
Diplogiaptus (fig 595), Chinaco 
graptus, and Dicranograptus, are 
conspicuous Didipnograptiis (figs 
593, 694) 13 a branching form with 
one series of cells 

The leaflike Phyllograpti (fig 
59b) and the remarkable curved 
form Rastrites (fig 697) are also 
found in the Ordovician 

The Bracliiopoda number 34 
species, 28 of which pass up into 
the Ciradoc Sandstone, while five 
genera— Acrofreto, Cmma, Bhyn 
chonella, Stropihomena, and Lep 
appear for the first time 
The Lamellibranchiata are Car 
diola interrupta, Brod , Modiolop 
su, i vpama, Portl , Ctenodonta vu 
iitosa, Salt , and Paltearca amyg 
dalii'i, Salt Some pass to the Caia 
doc, and the genus Cai dtolu appears 
for the first time Mnrohisonia and 
Ophileta are common Gastropoda, 
and the Pteropods belong to tlie 
genus Theca Cephalopoda are 
not abundant in the British Llan 
dcilo formation, but Orthoieras, 
Endoceras, and Piloceras art com 
mon genera On the Contiiy-nt of 
hiUrope the Orthoceratidsa arc very 
common (fig b06) 

The genera Asaphus (fig 608), 
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Ogygt% (fig 609), and Tnnucleus 
(fig 611) form a marked feature of 
the Tnlobite fauna of this age, 
which comprehends 18 genera and 
4’) species 

d Arenlg' or Stlper-stones 
group —Next in descending or 
der, and forming the base of the 
Lower Silurian, are the shales and 
sandstones in whicli the quartzose 
rocks called Stiper stones m bhrop 
shiiie occur For a long time the 
only 01 game remains in thtse 
btiper stones were the tubular 
burrows of Annelids (sie fig (>07, 
AremcohiiS hnearn, Hall), which 
are lemarkably common in the 
Lowest bilurian in bhropshirt , the 
North west Highlands of Scotland, 
and in the btate of New York in 
America Simihii burrows are now 
made, on the retiring of the tides, 
in the sands bj lobworms, wliuh 
are dug out by fasherrnen and used 
as bait 

bedgwick recognised this group, 
which he called the Arc mg or 
bkiddrw, and separated it fiorii the 
overlying and conformable Llan 
d( ilo Salti r, however, distin 
guished the break b( tween the Arc 
mg and the uiiderl}mg Tremvdoc 
group, and Dr Hicks has defined 
tin succession in South Wales, 
and describe d a great fauna m the 
Aremgs of tiie bt David’s district 
It must be remembered that then is 
no stratigraphical unconformity be 
tween the Arcing and thi groujis 
above and below it , though the jia 
IsBontological break is considerable, 
for out of the 150 species of fossils 
of the Art nig strata only 25 have 
been found either in beds above or 
below them Only 8 genera, com 
prising 9 species, pass from the 
Aronigs to the Llandeilo above, and 
11 genera, comprising 4b species, 
which had lived in Tremadoc times, 
reappear in the Aremg No less 
than 40 genera appear for the first 
lime in the Aremg group, and this 
in itself gives a definite impor 
tance to it Of these there are 16 
genera of the Hydrozoa of the 
Graptohte group Didymograp 
tu8 (figs 693, 694), Callograp 
tua, Diplograptua, and Tetra 
graptua are examples Four 
genera of Annelida, Helmin 


thohtheH, Stellaacolithea, Nereitea, 
and Palcpochorda, appeared , with 
th( genera of the Trilobita, Mylina^ 
Trinucltua, Barrandta, Calymene, 
Phacops, Placoparia, lUcenm, and 
Homalomtua Bibeina and Be 
dotna were new Lamelhbranchs, 
and Ophileta, Pleurotomana, 
Bhaphtsioma, new genera of Gas 
tropoda Orihoceraa occurs, and 
there are four species of the genus 
in the Welsh and bhropshire area 
The Corals, Bryozoa, and Eohino 
dermata are not represented Phyl 
lopoda of the genus Cari/ocarn are 
peculiar to the group, and there 
are only 18 siiecies of Brachiopoda 
— the special forms being Dinoho 
lua Uicksn, Salt, Siphonotnta 
intcida, M'Coy, Diacina sp. Or 
this slnatula, Emmons, 0 remota, 
Salt, and 0 ahita, Sow 

This Arcing group raa\ there 
fore Ik* coincmently ri girded as 
the base of t)ic Ordovician system , 
some authors, however, prefer to 
include in the Ordoiiciaii the uu 
derlying Tremadoc slates 

bedgwick noticed that the Are 
mg dark slates, shales, Hags, and 
bands of sandstone we re associated 
witli masses of igneous rock, and 
it is cMdciit that while the Bcdi 
mentary strata were aceumulat 
mg, >oltamc iction was going on 
He IK e great thickncsbcs eif fclsitic 
01 ihjolitic lavas and tufts were 
erupted and spread over the land 
and the sea fioor, and we rc inter 
stratified with the fe)SBihfe rous 
sediments Semio of the most im 
portant Welsh mountains consist 
mainly of these volcanic materials — 
such as Cader Idris, the Araiis, 
Aremg Mountains, and others 
Ordovician strata of tbe 
Lake District —In this area the 
Bala and Caradoc are probably re 
presented by the Asgill shales, the 
Oomston limestone, and the under 
lying great volcanic series, the Bor 
rowdale The Aremgs find their 
equivalents in the bkiddaw slates 
Ordovician Strata of 
Scotland —The Ordovician of 
the Borderland consists of greatly 
contorted strata, which have been 
worn and denuded into hills of 
moderate height, and deep valleys 
In the Girvan district there are, 
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besides conglomerates and meta 
morphosed rocks, calcareous beds, 
which represent the Llandovery, 
Bala, and Llandeilo groups In 
the Moffat district tliere are gritty 
or coarse grained greywacke, fls 
sile flagstones, conglomerates, and 
bands of black carbonaceous shales, 
with cream colouied clay and iron 
stone nodules The black bands 
occur in lenticulti masbeb m the 
groywackc, and, although they 
cover a vast area, are contorted, 
often reversed, and highly fossili 
ferous Lapwortli lias shown that 
there arc three horizons at which 
these black bands occur, and at 
each 18 found a profusion of Grap 
tolites The highest, or Lowei 

Besides the woiks cited at the 
end of the last chapter, referenct 
should bo made to numerous v ilu 
iblc papers on the Ordovician of 
Wales by Dr Ilicks, publishtd in 
the ‘Quait Jourii Geol hoc,’ voL 


Llandovery— the Birkhill shales— 
contain zones of Baatntes, Mono 
graptuH, and Diplograptus, and 
there is a decided palaeontological 
break between this horizon and the 
next below, or the Hartfell shales, 
which are of Bala age, and contain 
Dicelloqraptus, Fleurograptus, 
and Chmacoqrapttt^ The Glen 
kiln shales arc upper Llandeilo in 
age, and contain Diilymoqraptus 
btill older beds, of Arenig age, aie 
found 111 th( Scottish Borderland 
cont lining thick beds of chert, in 
which the rcscarfhes of Professor 
Nicholson and Dr G J Hindo 
have revealed thi presence of great 
numbers of Radiolarians 


\xxi ind xxxn Ac , and to those of 
Piofessor Nicholson and Mr Marr 
on tin locks of the Lake District, 
Quilt Journ Gcol Soc vols 
xxxiu , \li\ At 


CHAPTER XXVI 

THl- CIMBRIVN SYSTEM 

Divisions of the Cambrian System — Cambiian I'loiaand Faun i— Sponges 
— Giaptolites— Lclimodciin ita — Bi ichiopoda — Mollusca— Annelida — 
Tiilobita— The oldest known fossils of the Lowet Oimbrian Period— 
Uppci C imbrian, Tieiiiadoc slates iiid Liiigul iFl igs — Middle Cambiiiui, 
Mcik vian beds, Hirlech grits, and Llanberis slites — Lower Cambiian, 
Conilcy Sandstone, C’ambnan of Scotland, Duinoss Limestone, Giivan 
Liiiu stone — ‘ Fucoid and Oleiicllus beds 

xromenclature and Claaslfioation of the Cambrian 
strata —This system ot strata, being the oldest m which a 
marine laima his been doteeted, is of the highest interest to 
the geologist There is foitimately, now, little ditlorence of 
opinion as to the name which should be applied to it Sedgwick 
proposed the name ‘ Cambrian as early as 18J5, and it has now 
come into almost universal use B irrande, it is true, suggested 
that the strata should be called ‘Piimordial,’ or ‘Primordial 
Silurian , ’ but a name which suggests that no earlier fossilifeious 
rocks will ever be found is clearly objectionable Marcou and 
other geologists m America have tried to revive the name 
Taconic, which was proposed by Emmons in 1842 But 
there are serious doubts as to how far the strata indicated by 
that name are identical with the tiue Cambrian 
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Dunng the last few years very important strata have been 
detected in many different districts which are regarded as con- 
stituting the base of the Cambrian , so that the system is now 
considered to consist of three members, which are named as 
follows — 

Upper Cambrian Olenm beds 
Middle Cambrian Parndoxiden beds 
Lower Cambiian Olenelliis beds 

Professoi Lapworth has proposed to employ tlie name of 
Tacomc for the lowest dnision of the Cambiian, but tlie siij^irf^s 
tion does not appear to have inti with any general icctptancc 
In America tlie Lower Cambrian Ins been called ‘Georgi an,’ 
the Middle Cimbrian ‘Acadian,’ and the Upper Cambiian 
‘ Potsdamian ’ 

It must be borne in mind that the older writers, following 
Murchison, ascribed to the Cambrian ill the strata containing 
unsatisfacton fossils oi none at all and it is only in reiint 
\tars that the true (haractcristics of tin thiee great Cambiian 
faunas have come to be i ecognisi d M any of the strata formci 1\ 

tonfounded with tin Cambrian, like the Toriidonian and the 
Longiiijiidiin, uc now proied to be of pre Cambrnn age 
Characteristics of the Cambrian Fauna and Flora. — 
This oldest known fauna, although poor in the number of species 
represented in it, is lemarkable for the \ iricty and high oigaiii 
bation of man> of the forms of life wiiicli it contims Li the 
Lritish Iblmds, tlie (ambrian fossils arc nsnall> rart and bidly 
presc-Tifd, in most cases the roeks liave undergone sudi an 
amount of cliingc as to obliterate the traces of organisms, 
many of the irgillaeeous beds exhibiting slaty cl< iv ige The 
numbirof species known from the Cambrnn of J^ritiin eloes 
not probabl> eveced ‘2(K), and in all the European localities 
tikcn togetlier the number bis been estimated is not exceeding 
double that amount The Cambrnn foswib aie somewvhit more 
numerous and bettei j»rcber\ed in North Ainene i, and a eon 
side 1 able mil ubei of fenmsliiie bun deseiibed, but the known 
CunbiiHii sjanes fioin ill jiaits of the woiJd piolmbJ^ fill 
below 1,000, whieb mimbci is Minll m ceniijinison with tliat of 
the fossils found in the Oidoneiin iiiel the Silnri in 

Ncvcrtheln-s, in spite of this j)uieit> of species m the Cam 
bnari fauna, it is to be noted that in it all tlie gicit (hvisions of 
the \nimal Kingdom are lepiese nted exceiit the Vei te biata The 
Trilobites, moreoxcr, ait of great si/e, anel of by no means lowly 
organisation Hence we have no ground whatever for believing 
that this oldest known fauna is in any proper bense of this teim 
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‘ primordial,’ and represents the beginning of li e on the globe If, 
as all palseontologieal study indicates, the newer faunas are 
derived by descent with modification from older ones, then the 
period preceding the Cambrian Period, during which life 
flourished on the globe, must probably have been at least as great 
as that which has elapsed between the Cambiian Period and 
the present day 

There is mother feature of the Canibriin fauna which it is 
desii ihlo to hr ir m mind Kven it that earlv period we hnd 
clear mdieition of i geographical distribution of lite forms 
The spiciis of Trilohites, lirachiopodi, \i .found m Britain, 
Hcanduuivii, Bohemia, iiid North Aimrica reMpcttncl;^, present 
general analogies with one another, but aic not idi iitioal The 
grf at majority of the formsof life found m the Cambrian seem to 
have been inhabitants of the dei p sea, ind up to the present 
time the shillow watei marine forms of the peiiod remain 
unknown, as do also the fieshwatei and tericstiial fauna and 
the terrestrial flora 

The Cambrian fauna is mainly made up of Brachiopoila and 
Trilobites, and the representatives of other groups are as a rule 
by no means abundant 

Traces of marine algie ha\o been found, and a few Forami 
nifera and doubtful Raeliolarians have been described 

Sponges are represented by Protospoinjia (of which only 
the spines of the dermal layer are known) and Archeoiyatkns 
Graptolites are comparatively rare m the C’ambrian, and arc 
represented by few species, but the curious Ditfifonemn may 
possibly have been closely related to the 
group of Khabdophora (Graptolita) 

Certain maikings on the surface of 
Cambrian rocks ha\e been thought by 
Nathorst ind otheis to indicate tho exist 
ence of Medustt at that early peiiod 
The Echiiiodermata are only repie 
sented by (Tinoidea {Dfudiocnniis), C\s 
toidea (Piotocijstitcs), and Stirfish {Palee 
asttnna) 

The Brachiopoda nearly all belong to 
the division of the Inarticulata, and include [ bistort by dcavage 
the persistent types Lingula {Lingulella, 
fig 612) and Discma, with tho peculiar genera Obolus, Obolella, 
Acrotreta^ Aerothele, Kutorgtna, Ac 

Only a few forms of Lamellibranchiata have been found in 
the Cambrian, such as Palcearca and Cienodonta 

A few Gastropods {Pleurotomana^ &c ) occur m the Cambrian 
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Man> forms of Pteropods, however, are found, including 
species of Theca, or Hyohthes (fig Old) 

Cephalopoda are first found in the voungestof the Cambrian 
strata - the Tremadoc which are now placed by some authors at 
the base of the Ordovician They are represented b> Orthoeeras 
and Cyrtoceras (fig 614) 

Vermes are represented in the Cambrian by man\ tracks 
and burrows like that known as Huthoderma (fig (ilfi) 



Thocn (( Indo(htca) 
opfirculatfi, S ilt , imt sl/e 

Lower Tremadot beds, 
Tremadoe 


Tisr C14 



( vrlon ins jmeof «alt mag 
Tn m idoc rocks N \VaIe> 

\ Dors'll edge, ph( c of siphuncle 
n Apertim f Ventral edge 
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Hutiodfrma htbermca (Km ) Oldliamia bals Bray Head, Ireland 

1 Showing opening of burrow, and tube with wrinklings or crossing ridges 

probably produced by a tentacled sea worm or annehd 

2 Lower and curved extremity of tube with fine transverse hues 


The Trilobita of the Cambrian are of very great interest 
Most of the species appear to have been deep water forms, and 
were destitute of eyes Some of the Paradoxides were of great 
8176 (more than a toot in length) As was shown by Barrande 
in the case of Sao, the metamorphoses of these early forms can 
be followed by the study of the fossils Among the prmcipal 
genera are Olenus (fig 617), Conocephahis (fig 618), Micro 
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discus, EUipsocephalua, Sao {&g 616), Dicellocephalus (fig 621), 
Agnostm (figs 619, 620), Paradozides (fags 622, 623), and Ok 
nellus 


Fiv, file 



Saohiriista Pan nuts virioui 
'taKt a of tfro^^ th 


The small lines beneith indicate the time 
size In the \<)uns:e«t state, a no 
segments art visilde as the metamor 
pliosis progresses 5, e tlie bo<ly seg 
ments iMgiii to be developed iii the 
stage d the ejes appeir but the 
fa< lal sutures are not completed at 
e the full grown animal halt its true 
size IS shown 



(n nu^ mirrunn, 
bilttr 

4 natural size 


< onoeoruphfi lafa (Sj n 
( onor/'phttlin stntitm 
Fmmr > k natural size 
(jruietz ami ^krey 


itjnodnt integ>>) \gnodH% hex, 

Be>T , 1 arr n it size 
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magnified 


Pig 6J) 



Diielocephalm imme^otensis, 
Dale Owen \ diameter 
A large Trilobite of the Ok 
noid group Potsdam Sand 
stone Falls of St froiv, 
on the Upper Mississippi 


Pig 622 fig 623 



Paradondes bo/umteus, ^^natsize 

Barr , Menevian beds 

about J natural size St David s and Dolgel 


Besides the numerous Trilobites, we find other representa 
tives of the Arthropods in several forms of Phyllopods like 
Hymenocaris (fig 624), and of Ostracods like Leper ditia 
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The Oldest known TossiUferons Books.—The lowest 
Cambrian strata (Taconic of Lapworth, ' Georgian ' of American 
authors) are of great interest to geologists 
^ as containing the oldest known marine 
This fauna, though small, con 
\ representatives of a considerable 

V number of forms of invertebrate life 

Plants (algas) are doubtfully represented 
Jm by a number of somewhat obscure mipres 
' * sions We find the remains of sponges 
rf»mnwcn,nprnmc>i»i„ {Archit ocijalhu^), possibl> of graptohtes 
{Diplogiaptns ind Chnacoqrapiuh 
^ uanlraV-IIn'^^^'" obscure C> stidean ( ’) Many Bra 

ehiopoda (lig Ua, Kuto) gnia , 

Obohlla, Ac), a Lamelhbraiieh (Fordtlla), some Gastropods 
{Platgceras, ScenoUa Ac ), and m uiy Pteropods ( HgohthrH, Ac ) 



a be 

a OboMlaeroi^a Hall sp l> /tngitlellaella H dtW, c Snlti rfllapulchi‘lla, 
4 D'lt ^ nut liill tj nut 


Fig 626 Fig 627 Fig 62S 



(Henellus Callaitri, Lapw , J nat Olenellui Lapworthi, Olenellus armaiut. 
From the Oomley (Holly Peach, Poach, 

bush) Sandstone of nat size x 2 nat 

Shropshire Prom the Lowest Cambrian Strata of N W Scotland. 
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Remains of Annelids {Salterella, fig 626, c, &o ) abound m 
many of the beds, but the most important fossils are the repre 
sentatives of the Arthropoda We find an Ostracod (Leperditia), 
a Phyllopod (Protoca/ns), and a number of Trilobita, including 
Olenellus and allied genera (figs 626-628), and Agnostus 

British Kepresentatlves of the Cambrian System.— The 

Cambrian, like the overlying Ordovician, is usually regarded as con 
sisting of three members- the Upper Cambrian, including the 
Tremadoc slates and Lingula flags , the Middle Cambuan, con 
sisting of the Menevian beds, the Llanberis slates, and the Harlech 
grits , and the Lower Cambrian, represented by the Hollybush sand 
stone of Central England and the ‘FucokI beds ’ of ScotUnd The 
Upper, Middle andLowei Cimbrian are sometimes known respectively 
as the Olenwi beds, the Parndoxtdes beds, and the Oknellu<i beds. 


from the geneia ot Tnlobites 
divisions 

Upper Cambrian, or strata 
characterised by Olenus — These 
consist of a great thickness of strata, 
among which the following divisions 
have been established by geologists 

Tremadoc slatei —The Trema 
doc slates of Sedgwick are more 
than 1,000 feet in thickness, and 
consist of dark earthy grey slates 
occurring near the little town of 
Tremadoc, situated on the north 
side of Cardigan Bay in Caemar 
vonshiro 

They were traced subsequently 
to Dolgelly, and of late years strata 
of the same age have been dis 
covert d and carefully examined by 
Dr Hicks, at St David’s promon 
tory and Ramsey Island, South 
Wales, where there are dark earthy 
flags and sandstones 1,000 feet 
thick, with many fossils They 
rest conformably upon thick Lin 
gula flags Subsequently Mr Cal 
laway has shown that the Shmotoii 
shale of bhropshire is of Lowir 
Tremadoc age The fauna is very 
remarkable, and differs consider 
ably in North and South Wales, 
it contains at least 84 species, and 
many great groups of the inverte 
brata appear in the rooks for the 
first time The Cnnoidea, Aste 
roidea, and Cephalopoda are re 
presented therein, for the first time 
in the world’s history There are 
many new genera of Tnlobita, such 
as Nemretus, Psilocephaliis, Ntobe, 
Angelina, Aaaphua, and Ghmrurua, 
besides some winch existed m the'- 


which chaiactense those several 


lower rocks, such as Agnodw, 
Conocoryphe, and Olvniii The 
Crinoid Dendrocrinm and Asteroid 
Palceatterma, the Cephalopoda 
Orthoceras senceum, "^alt, and 
Gyrtoceras preecox, Salt (fig bl4), 
of the Upper Tremadocs, are the 
first known The Lamellibranchs 
Ctenodonta, Palmirca, Gli/ptarea, 
Dauuiia, and Modtolop&ts make 
their appearance The Brach lopoda 
belong to the genera which existed 
ill the underlying strata, and the 
species Linyulella Davisn, M'Coy, 
and Orthu Caraimt, Salt , and the 
genera Obolella and Lmqula, are 
common to both groups The North 
Wales Tremadocs contain 9 species 
of Pteropoda, principally of the 
genus Theca, and Bellerophon is 
found amongst the Ileti ropoda 
Rhabdophora or graptohtes weit 
discovered, in Tremadoc rocks, by 
Callaway, and belong to the genus 
Jiryograptus Phyllopod Crusta 
cea exist m the Upper Tremadocs, 
and the characteristic Tnlobita 
are Angelina Sedgwickii, Salt, 
Asaphus affirms, McCoy, sp , and an 
Olenus JDictyonema sociale, Salt , 
and Bryozoa occur, and in the strata 
below also By Mr Marr and 
some other authors the Tremadoc 
beds are regarded as fonning the 
base of the Ordovician system, and 
not the top of the Cambrian 

Lingula flags — Next below 
the Tremadoc slates in North Wales, 
he micaceous flagstones, bluish and 
black slates and flags, with bands 
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of grey flags and sandstones, 
in which m 1846 Mr E Dans 
discovered the LingvhUn (fig 
612) named after him, from which 
was derned the name of Linmla 
flags These beds are more than 
5,000 feet thick, and have been 
studied chieflj in the neighbour 
hood of Dolgelly, Ffestiniog, and 
Portmadoc m North Wales, and 
also at St Daiid s in South Walts 
They hate jielded 26 genera and 
60 species of fossils, of which 0 only 
are common to the overlying Trema 
doc ro( ks Tilt y include Dtciyont 
ma sonnle, Salt ,Agno8tuHp ince'ps, 
Salt, AmmiJ' pro'nuntius, Salt, 
Conororyjme depressa, Salt , Olenut 
tmpai, Salt, LinguleUa Davmt, 
M'Coy, L lepn, Salt , Oholella, and 
Ortim In the Lingula flags OfewMS 
(fig 618), Aqnosius, Ampolenvs, 
Microdtscus, Paradottdtt, and Co 
nocoi yphe are prominent forms of 
Tnlobita, and Hymenocam vertrn 
cauda, Salt (fig 624), is a common 
species of the Phyllopod Crustacea 
The Lingula flags may be 
divided into two zones, an upper 
and lower, the middle zone of 
older authors being of less value 
Amongst the fossils of the upper 
zone 18 Dtetyonema soctale. Salt , 
which occurs at Keys End Hill, 
Mahem, and in North Wales 
Ne less than 80 specits of Crus 
tacea belonging to the genera of 
Tnlobita, just noticed, occur, and 
only 4 pass up into the Tremadocs 
The Brachiopoda are of 8 species, 

6 of which pass upwards, and the 
genera are Lingula, Lmgulella, 
Obolella, Kutorgina, and Orthis, 
the two characteristic species being 
Lingula pygmeea, Salt , and Obo 
lella Salten, Hicks In the Lower 
Lingula flags, which rest conform 
ably on the Menevian strata, Cru 
emna, a supposed Annelid, occurs, 
and Scohoaerma and Helminthites 
are characteristic worms Nine 
genera and 26 species of Crustacea 
are found Agnmfus hm hatus, Salt , 
and A nodosus, Salt , Olenus mi 
crurua, Salt , 0 gibhosus, Salt , are 
peculiar to these lower flags, and so 
IB the Phyllopod Hymenocana v&r 
rmcauda, Salt The three genera 
of Brachiopoda represented are 
Lmgulella, Orthia, and Oholella 


[<fl XXVI 

Finally, two species of Theca 
occur 

In Merionethshire, according to 
Sir A Ramsay, the Lingula flags 
attain their greatest development , 
in Caernarvonshire, they thin out 
so as to have lost two thirds of 
their thickness m eleven miles , 
while in Anglesea and on the Menai 
Straits, both they and the Tremadoc 
bids are entirely absent, and the 
Lower Silurian rocks rest direc tly on 
pre Cambrian strata 

Middle Cambrian, or strata 
charactensi d by Paradoxidei, are 
also of grt at thickness They have 
been studied in South Wales by 
Di Hicks, who has established th< 
following subdivisions m the series 

Menevian kifs — Imnn diately 
beneath the Lingula flags there 
occurs a senes of dark grey and 
black flags and slates, alternating 
at the upper part with some beds 
of sandstone, the whole reaching a 
thickness of from 500 to 600 feet 
These beds were formerly classed, 
on purely lithological grounds, as 
the base of the Lingula flags , but 
Messrs Hicks and Halter, to whose 
exertions wo owo almost all our 
knowledge of them, have pointed 
out that the most characteristic 
genera found in them are unknown 
in the Lingula flags, while they 
possess many forms from the under 
lying groujis of strata They there 
fore, proposed to place these beds at 
the top of the Middle Cambrian 
under the term ‘ Menevian,’ Mene 
via being the Latin name of St 
David’s The beds are well ox 
hibited m the neighbourhood of St 
David 8 in South Wales, and near 
Dolgelly and Moentwrog m North 
Walts They are the equivalents 
of fitage C of Barrande's Primor 
dial Zone Fifty two species have 
been found in the Menevians, 
which are very rich in fossils for so 
early a period Nineteen species 
are common to the overlying Lin 
gala flags, but none pass up to the 
Tremadoc rocks Twelve genera 
and 82 species of Tnlobita occur, 
and some forms are of large size , 
Paradoxidea Davidta, Salt (see 
fig 628), the largest Trilobite known 
in Great Britain, nearly 2 feet long, 

18 peculiar to the Menevian The 
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other genera are Aqnostm^ Am 
polenns, Conocoryphe, Holoeepha 
lina , and the special genera of Tn 
lohita are AnonHlvt, Erinny% 
Microdi^em, ind Cmausia 

The Trilobite with the largest 
number of riiiga, Ei inny^ venvlom, 
Salt , occurs here in conjunction 
with igno^fmmd Mirrothscus, the 
two genera with the smallest num 
her Blind Tnlobitfs are also 
found, as well as those which ha\t 
the largest eyes, such as Mtcrodin 
IMS on the one hand, and Anopo 
/mm on the othei 0/enus did 
not tin n exist 

TheOstracod Lepmhtw occurs, 
and the genera Urthi<i, Dmina, 
and Obolella amongst the Brachio 
poda Several Pteropoda have 
been found, with the Cystoidean 
Protorijstites Several species of 
ProtoHpongin of the Spongida, 
and Arentcohte<i, and fierpn/ites 
amongst the Annelida conclude 
the fauna The discovery and 
description of this remarkable as 
semblage of early forms, we own 
to the careful labour of Dr Huks 

Harlech qnts and Llanberis 
slates — The sandstones at Harlech 
attain a thickness of no less than 
6,000 feet without any interposition 
of volcanic matter, and in some 
plans in Merionethshire they are 
still thicker Until recently the sc 
rocks were supposed to contain no 
fossils Now, however, through the 
labours of Dr Hicks, they have 
yielded at St David’s a rich fauna 
of Trilobita, Brachiopoda, Phyllo 
poda, and Pteropoda, showing, to 
gc thcr with other fossils, the exist 
ence of a scries of by no means low 
organisms at this very early period 
Already the fauna amounts to 29 
species, referred to 16 genera, of 
these, 8 genera and 12 species are 
common to the Menevian group 
above, ‘ a proportion,’ says Dr 
Hicks, ‘ far ^eater than we usually 
find between two groups so dis 
similar m lithological characters 
and comprising so great a thickness 
of strata ’ 

It is one of the many proofs 
that the early forms of life were 
less influenced by the struggle for 
existence, which became severer 
with time 


A new Trilobite, called Plutoma 
Sedgwiekit by Dr Hicks, has been 
met with m the Harlech grits of 
St David’s It IS comparable in 
SI 76 to th« large Paradoxides Da 
vidis, Salt , before mentioned, has 
well developed eyes, and is covered 
all over with rough tubercles In 
the same strata occur other genera 
of Trilobites, namely, Conocoryphe^ 
Paradoxides, Microdiscus, Ay 
vastus, and the Pteropod Thera 
(fig 613), all represented by species 
peculiai to the Harlech grits of 
th it aiea The sandstone s of this 
fonnition an often rippled, and 
were evidently left dry at low tides, 
so that the surface was dried by 
the sun and made to shrink and 
present sun cracks There art also 
distinct impressions of raindrops 
on the surfaces of many strata 
Fossils occur yet earlier in the 
Harlech group of St David’s in the 
lower red shales that immedutely 
oieilie the conglomcrite at the 
base of the Cambrian formation 
The only forms yet found are 
Lmqulella ferruqinea, Salt , L 
pnrnava, Hicks, Leperditia Cam 
hrensis, Hicks, and Diseiua Caer 
faiemis, Hicks 

The slates of Llanbens and 
Penrhyn in Caernarvonshire, with 
their associated sandy strita, attain 
a great thickness, sometimes ibout 
5,000 feet They are probably of 
till same age as the Harlech and 
Bannouth beas last mentioned for 
they may represent the deposits of 
fine mud thrown down in tin sime 
sea, on the borders of which the 
sands above mentioned were ac 
cumulating The Middle Cambrian 
age of at least a portion of these 
strata has been determined by the 
finding m them of a Conocoryphe 
(C V^tola, Woodw) In South 
Wales the beds of St David’s with 
Lingulella pass down to a con 
glomerate, and a similar indication 
of a physical break is found m 
North Wales, according to Dr 
Hicks and Professor Hughes 
Below are rocks the age of which 
18 disputed (p 457) 

Lower Cambrian, or strata 
characterised by Olenellus —On 
the flanks of Caer Caradoo m 
Shropshire, Professor Lapworth 
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son with our British strata of the 
same age, they agree much more 
closely with our own senes, both m 
the sequence of beds and the 
types of fossils represented, than do 
the strata of the same age m 
Bohemia The base of the series 
18 foimed by thick masses of fcl 
spathic sandstone and conglomerate, 
containing very few fossils t xcept 
obscure and doubtful impressions 
of plants These strata, which aic 
called ‘ Fucoid bandstones,’ * Lo 
phyton Sa idstones,’ and ‘ bparag 
mitts,’ probably represent, in thinr 
lower part at least, the Torridon 
sandstone, but at tlitir summit 
we find sandj beds containing 
the Olenelius or Lower Cambrian 
fauna The thin aigillaceous 
strata known as Alum shales, 
which o\trlit these sands, contain 
in tlnir lower portion the Para 
doxida fauna, and in their uppti 
portion the OUnas fauna, the 
highest ione of the Cambrian is 
lepresented bj beds with Dicti/o 
grapsus The Ordo\ ic lan is repr< 
seiitcd in bcaudina\ia by lime 
stones containing Orthouras and 
Cydoidea, co\end by shales with 
graptolites and 'innucleus, with 


many characteristic Trilobites of 
the Arenig, Llandoverj, and Bala 
groups The Silurian of bcandi 
iiavia 18 represented by beds of 
limestoiie containing Pentamerus, 
and many May Hill and Wonlock 
types, covered by a conglomerate 
and nodular limestone with Ludlow 
fossils 

In the Baltic Provinces and 
North Germany occur a senes of 
btrat i wh ich can be fairly well pai al 
leled with those of bcaiidinavu 
At the top of the Cambrian, we find 
in Russia a bed of glaueonitf sand 
which, though only a few feet thu k, 
contains a \ery interesting as 
simblagc of fossils, including the 
‘ eonodonts,’ formerly thougiit to 
b( tie til of fishes, but now rc 
garded as belonging to annelids, 
and the intern il casts of many 
spetusof foramiiiifera 

Otber Parts of Europe — 
In the Ardennes, m Normandy and 
Bnttiny, in tlu I’juiiets uid the 
lb( nan peninsula, and iiithi island 
of Sardinia, we also find many very 
interesting developments of tlie 
Cainbiian, Ordovician, and Silurian 
rocks 


OLDEli PALAEOZOIC STRATA OP NORTH AMERICA 


North America —In tlie 
North Ameiican continent the 
Lowest Cambrian is reiirescnted 
by shales, ejuartzites, and lime 
stones containing the Olenelius 
fauna (the Georgia beds of the 
United States geologists) The 
Middle Cambrian or Paradoxides 
beds consist of slaty beds 2,()U0 
feet thick, well exposed m New 
Brunswuk, Newfoundland, and 
various localities in tlu United 
States, while the \ ast m isses of 
Potsdam sandstone,’ b,(J00 feit 
thick, above these, belong to the 
highest Cambrian or Olenus beds 
above the Potsdam sandstone The 
CalciferouB sandstone, which in 
part at least may represent the 
Upper Cambrian, has a fauna 
stiiKingly like that of our Dur 
ness and Girvan limestones The 
divisions, known as the Chazy 
limestones, Trenton limestones, 
Utica shales, and the Hudson 
River and Cincinnati groups, are 


on the biinc general horizon as our 
Aieuig, Llandeilo, and Bala groups, 
vvliilt the Chilton and Medina sand 
stones It present oui May Hill 
bids, the Nugira limestone eon 
tains bimiltti fossils to our Wenloek, 
and the Wateihme and Ouondagi 
bait groups agree generally with 
oui Ijudlow beds It is found, 
howevt r, that iii different parts of 
the United States those several 
divibious presint lemarkahle dif 
fereneeb in mineial eharacteis and 
lobsils 

11 we toinpaie the fossils of 
the Older Palo-o/ou stuita in the 
British Ifalands with those of Scan 
dinavia and Boheniui on the one 
hand, and with those of the Noith 
Ament an continent on the other, 
we shall find that, while the 
same or similar genera are repre 
seated in the several divisions, the 
actual species in these several 
areas are often distinct It is evi 
dent that at tl^s the earliest period 
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of the earth’s history of which we forms similar to that which pre 
have records of the marine life, a vails at the present day must have 
geographical distribution of life already existed 

The general parallelism of the deposits in the four typical areas 
in which the Older Palsoozoic rocks have been best studied is 
illustrated in the following table — 



I I Afvianiis 


A very accurate account of the 
foreign strata of Older Paleeozoic 
age IS given in De Kayser and 
Lake’s ‘ Text book of Comparative 
Geology ’ The whole of the foreign 
representatives of the lowest Cam 


“ooHO^ I J«vraajtvD | 

brian or Olenellus beds have been 
described, and their fossils figured, 
byjthe Director of the United States’ 
Geological Survey, Mr C Walcott 
10th Ann Rep U S Geol Survey, 
(1890) 
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CHAPTER XXVIII 

StDIMFNTARY ROCKS 01- PRF CAMBRIAN AGE 

Existencp of stratified and other Rotk masses iinderhing the Older 
Palasozoie Deposits — Rocks of hotli Igneous and A.qi«ous Origin — 
Obseme Traces of Fossils— Thickness and Extent of pre Cambrian 
Rocks— pre-Canibiian strata of the British Isles — Pebidian— Aivonian 
— Dimetian — Fundamental Onciss, or Lewisiin - Calf donian, or Dal 
radian—Mahernian— Monian— Uricwiian — Longmyndiaii — The Tor 
ridoii Sandstone, or Ton idonian— Pro Cambiian of Euroju and North 
America— Huron lan -Laurentian, Upper and Lowe r—Aigonkian and 
Archaian— Pre Cambrian of India— Traces of hossils m pic Cambrian 
Rocks 

With the disappearance of well marked and clearly recwgnis 
able asfeemblages of fossils, tlie work of making out a chiono 
logical sequence of sedimentarj forniations comes to an end 
Nevertheless the geologist is acqnamted with the fact that 
beneath the rocks containing the oldest Cambrian fauna there 
he many others — some cvidentl> of aqueous origin, others no 
less clearly of igneous origin— nearly all showing tiaccs of 
having undergone great alterations From the circumstance 
that these rocks contain only imperfect, doubtful, or frag nentary 
remains of fossils, or none at all, it has not been found practicable 
to arrange them in a definite chronological sequence 

Although the Cambrian fauna is the oldest assemblage of 
marine forms of life which has been discovered bj geologists m the 
earth’s crust, yet there are enormous thicknesses of rocks under 
lying the beds containing the Cambrian fossils that are certainly 
of sedimentary oiigin and of greater age, and m these we 
some day hope to find definite traces of earlier forms of life 
The pre Cambrian strata are often many thousands of feet in 
thickness, and include varieties of arenaceous, argillaceous, 
caltareoiis, ferruginous, and other ileposits similar to those which 
make up the fossilifcrous rocks of the eaith’s crust, these being 
more oi less intimately assueiated with igneous and met.tmorj)hie 
rock masses of a highly crystalline character If we evamme 
the map of the world compiled by Mareou to illustrate the dis 
tribution of the various geological formations m the land areas 
of the globe, it will be found that the areas occupied by the 
pre Cambrian strata are nearly equal to those covered by all the 
fossililerous rocks of Palseozoic, Mesozoic, and Caiuozoic age 
That the Cambrian iaima does not represent the beginning 
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of life upon the globe all biologists and geologists must agree 
That fauna contains representatives of all the great divisions of 
the animal kingdom except the Vertebrates , and two of the 
higher groups of the Invertebrata— the Crustacea and Cepha 
lopoda— are represented in the Cambrian fauna by forms of 
complex organisation If there has been a gradual evolution 
and progression of life forms m the past, it has been argued by 
many palteontologists that the periods during which life existed 
upon the globe before the dawn of the Cambrian period must at 
least equal that which has elapsed between the begmnmg of the 
Cambrian and the present day 

The fact that the pre Cambrian strata contain beds of lime 
stone and graphite has often been adduced as an argument in 
favour of the view that plants and anml^ls must have existed 
m those earlier periods of tlie earth’s history, which have as yet 
/leldid no distinct iclics of these ancunt forms of life in the 
shape of fossils It is perfectly true that nearly all the ( alcan ous 
and carbonaceous rocks found associated with the tossihfcrous 
atritaowe their ongin to inimal and plant life , but it must 
not be forgotten that both calcium carbonate ind carbon in the 
form of graphite may sometimes be produced by the operation 
of purely chemical and inorganic agencies 

Nothing more strikingly illustrates the great value of palaionto 
logical evidence to the geologist than the fact that it has been 
found impossible— in the absence of the evidence afforded by 
fossils— to bring into any kind of correlation the various deposits 
underlying Cambrian strata Hence all designations applied to 
such pre Cambrian deposits have a purely local value 

Various names have been proposed for those rocks which 
clearly underlie the Cambrian, and are, therefore, older than 
that system of strata The older wnters spoke of them as 
Primary or A/oic rocks, but wlicn tlie discovery of Favoon sug 
gested the existence of life forms duimg these earlier peiiods 
they were called Eoiioic In more recent times the names pre- 
Cambrian and Archaean have been generally applied to them, 
though the latter teim, as we shall see, is now often used in a 
more restricted sense 

We will hrst consider the terms applied to these pre Cambrian 
strata in the British Islands, and then proceed to discuss the 
nomenclature of homotaxial rocks m other parts of the globe 

The Cambrian rocks of the neoua rocks— plutonic and volcanic 

British Isles are underlain not only it is usual to term all rocks be 

by great thicknesses of sedimen ueath the Cambrian by tlie names 
tary rocks without recognisable fos of pre Cambrian and Archaean 
sils, but by metamorphio and ig The discrepancy of opinion re- 
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gardmg the geological structure of 
the North west Highlands, men 
tioned on p 428, will prepare the 
student for similar dnersities of 
opinion regarding the age of the 
rocks which underlie the fossihfe- 
rous Lower Cambrian of Wales and 
the equivah nt fonnations else 
where The Geological Survey con 
sider that there is no break present, 
and that the \olcinic and nnti 
moi*phic ro( ks underly ing the fossili 
ferous strata an niilh pait of oik 
gieat ( anibiian strns 

On till othf r hand, many othc r 
geologists considei that thej ha\( 
sufficient eiidenct to state that 
there is a gre it bieak at the basi 
of the fosHilifpiouB senes, a con 
glomtratt existing therr mIikIi 
(ontains the pnalucts of tin d< 
nudation of two, if not three more 
ancinit groups of rocks Om of 
these loMir gioups w is lolcaiiu, 
and the other and older w is nu ta 
morphit Thej (with a fliinl, ai 
cording to Di Ilicks) aie inclndid 
under tlu term pn Cambrian, but 
their relations to the North Aim ri 
can pre ( ambrian rocks and simi 
lar fonualion« in otln r areas aic not 
determinable 

Dr Hicks’s researches in th< 
St David s area t( nd to proie that 
there isa v ist tliickiiessof iiiifossili 
ferous rocks beneath the Cambrian 
conglomerate, wliicli he groups as 
follows — 

1 The Pehiduin —A volcanu 
serus, made uji of ijutinicnta, 
more or less stratifii d, alternating 
with schistose, metamorphosed 
clays, and sandstom s Spherulitic 
felstone, grei nish and puridish 
felspathic bnccias, silvery white 
schists, purple shales, light 
grten clij slates, greenish, red 
dish, and purjilish itiduraUd ashes, 
often eoiigloim ratic, are found, 
ind also contomiioram ous rhyo 
]>ti( lavas in the form of felstom 
The upper beds are n d and purple 
ashy schists ThePibidiaii senes 
rests unconformably on the next 
group, and has a different structure 
from the overlying Cambrian, to the 
basaJ conglomerate of which it con 
tributes pebbles The upper rocks 
are mostly basic in character 
2 The Arvonmn consists of 


breccias, halleflintas, quartz fel 
sites, and of rhyolites Dr Hicks 
states that this series rests uncon 
formably on the underlying Dime 
tian Some authors, who accept 
the Dimetian and Pebidian forma 
tions of Dr Hicks, find themsehes 
unahle to recognise his Anonian 
as a distinct formation 

8 Ihe J htmi 1,(1 n —Thene low 
(st locks, the basi of which has 
not 1)1 en seen, form an anticiiiiai 
axis, flankid by the Pcbidiaii, and 
paitly b^ unaltered Cambiian 
strata The Diinctian rocks are 
quartz porphj riea, often with doubly 
pyramidal and sub angular pheno 
crysts of quartz and crystals of fel 
spir, 111 a matrix of gre} or green 
felspathic material Fine grained 
quart/ felsitcs, ash}, shale like 
locks with more or Itss distinct 
lines of lamination cKcur iindiom 
jMwf giaiiitoid locks, without mica, 
ami with quait/ m cxciss over the 
ortlioclasc fi Ispar (iraiutoidgm iss, 
with quart/if« rous breccias and 
Bclnsts, and quait/ites are pre sent 
These rocks contribute to the eon 
glomciate at the base of tlu Cam 
brian, and were metamorphosed 
befoi < their dc nudation oc cui re d 
Professor Bonney has shown 
that a quartz fi Isite, or ancu nt 
Igneous flow, clowl} rcsimblmg 
more modern rhyolites, nndtrluh 
the Cambrian conglomerate in 
North wc st Catinarvoiislnn And 
l)oth he and Dr Hicks havi prov cd 
tlu occ urreiK i of a pn ( ambrian 
series in Angle sc a greatly resem- 
bling that of South Wall s 

The oldest rock m Scotland is 
that called by Sir R Murchison 
‘ tlu fundamental gne iss,’ which is 
found in the nortli west of Ross 
shire and m Sutlurlandslurc, 
and forms marly the whole 
of the luljoimng island of the 
Ijewis, in the Hebrides It has a 
strike from north west to south 
cast, nearly at right angles to the 
motamoriihic strata of the Ctram 
plans On this fundamental. He 
bridcan or Lewisiaii gneiss, in parts 
of the Western Highlands, rocks 
of doubtful age rest unconform 
ably These rocks have been called 
Caledonian by Dr Callaway, and 
Dalradiau by Sir Archibald Geikie 
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The central axis of the Mai 
vem chain consists of homblendic 
gneisses and contorted schists, on 
which rest, unconformably, sand 
stones of Cambrian age Many 
years since, Dr Holl noted these 
rocks as being of pre Cambrian 
age, and later authors have called 
them Malvernian 

Professor Blake considers that 
these older rocks of Anglesea, with 
some foBSiliferous strata referred 
by other geologists to the Older 
Palseozoic, constitute a great pie 
Cambrian system which he tails 
the Monun Dr Callaway think 
that the patches of ancient rhyo 
litic lavas and other igneous masses 
about the Wrtkm and adjoining 
districts in Shropshire are of pre 
Cambrian age and constitute a 
sjstcin wluih he proposes to call 
the Uriconiaii The great in iss of 
slates and slaty flagstones, eon 
stituting the mountainous tract of 
the Longmynd in Shropshire, 
which was fornieily considered as 
Ijing at the base of the Cambrian, 
IS now rriognistd as being of pre 
C anibrian a„e, ind lias been talkd 
by Dr Calluwa) the Longmyndmn 
In tin absence of fossils m these 
various formations the task of ( or 
relating the Lewisiiri, Dimetian, 
Caledonian, or Daliadian, the \i 
vonian, Pebidian, Monian, Cri 
conian and Longmyndian seius, is 
a hopeless one It may even be 
doubted if among these sj stuns 
there are not some inttamorphoscd 
roeks of Palao/oic age 

Ihe Torndon Sandstone or 
Tifrridonian —Thin great system 
of strata, occurring in the North 
West of Scotland and some of 
the islands of the Hebudes, was 
first described by Dr Macculloch 
in 1819 , he showed, in opposition 
to the views of Murchison and 
Sedgwick, that it is distinct from 
the Old Red Sandstone of Scotland, 
which it somewhat resembles, and 
that it underlies the strata contain 
mg what are now known to be Cam 
brian fossils The Torndon strata 
now occupy a comparatively small 
area, but the patches which have es 
caped denudation are evidently por 
tions of what was once a great and 
widely spread system of strata The 


rocks show but little signs of altera 
tion, and consist of strata of white, 
pink, and purplish red sandstones, 
often containing pebbles and pass 
ing into conglomerates Both 
in the upper and lower portions 
of the series, bands of dark grey 
argilhceous rocks arc found which 
have yielded what appear to be 
tracks and burrows of Annelids, 
hut, up to the pre sent time, no more 
defamte traces of organisms The 
thickness of this senes of unaltered 
strata isestimated by the Geological 
Survey to be no less than 8,000 to 
10,000 feet, and that they arc older 
than the Cambrian is shown by 
the f let that strata containing the 
characteristic oldest Cambrian 
fauna, with a number of species 
of 01 null ns are found uncon 
formably ovc rlying them Th it an 
enormous period of time must have 
elapsed between the deposition of 
the great mass of unaltere d Torn 
doman strata and the overlying 
Cambrian is shown by the great 
unconformity and overlap existing 
between them, the Cambiian strata 
being found lying on ev ery poition 
of the Torndonian senes, and pass 
mg transgresbively from it to the 
Archasan or fundamental gneiss 
The general relations to one 
anotlu r of these oldest rocks of the 
British Islands is shown m the sec 
tions on the next page (figs 629-31) 
European pre-Cambrian 
Formations —On the Continent 
of Europe it was the custom- as lu 
this country until conipaiatively 
recent years, to group all strata of 
clearly sedimentary origin with the 
Cambrian, and to restrict the names 
re Cambrian and Arclisean to 
ighly crystalline rocks But it is 
now clearly recognised that in such 
deposits as the felspathic sandstones 
and conglomerates of Brittany, the 
Obermittweida conglomerates and 
similar deposits of Central Germany, 
and analogous strata m Scaiidi 
navia, we have masses of sedi 
raentary rocks, often of great thick 
ness, containing only very obscure 
traces of organisms and underlying 
the whole series of Palaeozoic rocks , 
yet these stiata he on, and are 
evidently younger than, the great 
masses of granite, gneisses, and 

r F 2 
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schists'-pebbles and fragmenta of include fragments of a great senes 
which are frequently mcluded in of crystalline rocks, granites, 
the stratified masses gneisses, and schists 

Amerloan pre-Cambrian Huronian senes —Tha strata 
FormationBi — In the North called Huronian by Sir W Logan 
Amencan Continent the first at consist chiefly of a quartzite with 
tempts to classify the pre Cambrian great masses of greenish chlontic 
deposits were made by Sir William slate Limestones are rare in this 
Logan and hia colleagues on the senes, but one band of 800 feet 
Canadian Geological Survey These m thickness has beeh tract d for 


Fig 629 



Section tiesr Itu hiiadainflf Sutherland (after Miirchi-oTi) 

1 Fundamental or I twisiaii gneiss of MurchiMiti (Archtnii) 

2 Tomdon Sandstone o *>ting uncoiitomwbh on 1 

i' Quartriti of (.ainbrmii ai,( rtntiiii, uti< <>ntoriimht\ upon 2 
6 MttaruorplioMd rocks (( Uedonianofl dlawaj 1) ilraduin of (leikit ) thiown 
by the action of greit rtverhcd f lults over 1 2 and 3' 


Fig C30 



Section across '•mlvein and Benin Mort Suthirlaiid 


1 Fundamental or Lt wlsiaa gneiss of Murchison ( Arch eaii) 

2 Torndou sandstones n ting inn oiifornialily on 1 

3 Quartzites and (3rt) limestones full of uintlid burrows and containing i 

rieli Cambri in fauna 

M(tainor]ib()scil rexks gneisses and athist (flit (’iledonian of Oallaw i\ 
ind Dilruli III ol (jclkic) faiilttd ov( r till tainbmn rorrnionian ind 
An Ilian locks 

Ilk 0 I 



1 lie same btctlons as Interjircte'd by Nieol and I apwortb 
a Fundamental fiiieiss h Torndonian e C’ambnan d Uppirtiiiilss 
foned over tlie older rocks by gnat reversed faults (thrusts) o o o o 
e Old Rod Sandstone 

observers recognised the fact tliat considerable distances to the north 

beneath the Palseozoic rexiks of of Lake Huron No organic re 

Canada there occur senes of com mams have yet been found in any 

paratively unaltered sedimentary of the beds, which are about 18, BOO 

deposits without fossils, to which feet thick, and rest uiuonformably 
they gave the name of Huronian, on the Laurentian rocks 
and that these rest upon and Laurentian yroup — Under 
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lying the Huronian, northward of 
the nver St Lawrence, there is a 
vast series of crystalline rocks of 
gneiss, mica- schist, quartzite, and 
limestone, more than 80,000 feet in 
thickness, which have been called 
Lauren tian, and which are already 
known to occupy an area of about 
200,000 square miles They had 
undergone great disturbing move 
ments before the Potsdam sand 
stone and the other ‘ primordial ’ or 
Cambrian rocks were formed The 
newer portion of the Laurentian 
senes is unconformable to the older 
Upper Lanrtnhan, Nonan, 
or Labi odor series —The Upper 
Group, more than 10 000 feet thick, 
consists of metamorphic crystalline 
rocks m which no organic remains 
have yet been found They consist 
of gneisses and granitoid rocks with 
Labradonte and Anorthite felspars 
There are also cr j stalline limestones 
and quartzites These felspathic 
rocks sometimes form mountain 
masses almost without any admix 
ture of other minerals , but at other 
times they include augite, horn 
blende, and hyperstlicne The in 
descent felspar, Labradonte, is 
found in Labrador These rocks 
cover a great area in the Adiron 
dack Mountains 

Lower Laurentian — This for 
mation, about ‘20,000 feet in thick 
ness, 18 , as before stated, uncon 
forniablc to that last iiientiomd, 
it consists in gnat part of massive 
gneiss of a reddish tint with oitho 
clase felspar Bids of marh pure 
ijiiait/it( tioiii 400 to 000 fci t thick 
occui 111 some places Hornblendi( 
iiid micaceous schists irc often 
iiiterstiatihed, and beds of lime 
stone usually crystalline Beds of 
giaphitc (plumbago) also occur, ind 
it lias naturally been conjectured 
that this pure carbon may have 
been of organic origin before it 
underwent metamorphism 

There are several of these lime 
stones which have been traced to 
great distances, and one of them is 
from 700 to 1,600 feet thick In 
the most massive of them Sir W 
Logan observed in 1869 what he 
considered to be an organic body 
It had been obtained the year 
before by Mr J McCulloch at the 


Grand Calumet on the river Ottawa 
This supposed fossil, to which the 
name of Eozoon canadense, Daws , 
was given, has now, however, been 
shown to be of inorganic origin 
(see p 74) 

The geologists of the United 
States Geological Survey, especially 
the late Piofessor R D Irving and 
Mr C R van Ilise, have by their 
studies thrown much new light on 
the nature and chssihcntion of the 
pre Cambrian rocks They recog 
nise that under the Cambrian 
strata of tin North American 
continent two great senes of rocks, 
t ich many thousands of feet in 
thickness and coveiing vast ireas, 
may be traced The older senes 
consist of highly crystalline rotks, 
granitis and noiiks, gneisses and 
schists, with occasional crystalline 
limefitones and beds of graphite, 
and it IS to these highly crystalline 
locks that the American geologists 
propose to restrict the tenh 
Archiean Between the Cambrian 
and the Archie in there exist vast 
thicknesses of strata, sometimes but 
little altered at other times dis 
playing clear evidence of con 
siderable metamorphic action, and 
only exhibiting few and almost m 
determinable tracts of orginisms 
These strita the Americin geolo 
gists propose to <all Algonkian, 
andasalti riiitivc nanus they have 
pioposed ‘ Lparchiaii (lying on the 
Aichacaii), ‘ Agnotozoic (contdimng 
unknown forms of lift ), and ‘ Pro 
ti lo/ou ’ (i ontaining the earliest 
loims of life) It should be noted, 
however, that the term Protciozoic 
has been alieady applied by Pro 
ti sscir Lapworth to the faunas which 
vve have called the Older Paheozoic 
Among the Algonkian groups of 
strata, the United States geologists 
include the Huronian of Logan 
and a series of strata which, in the 
Lake Superior region, appear to he 
unconformably ujion the Huronian, 
and have been called the Kewetna 
wan , other groups which ap 
parently underlie the Huronian 
nave received the not very eu 
phoniouB names of Animikc, Kee 
watin, and Coutcluking , and simi 
lar terms have been applied to 
locally developed pre Cambrian de 
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posits in other parts of the North 
American continent 

The relics of living beings in 
the pre Cambrian stratified rocks 
(Algonkian or Agnotozoicof Amen 
can authors) are of a viry frag 
mentary and often doubtful cliarac 
ter Besides the obscure annelid 
markings found in our own Tom 
donian fragments, fossils doubtfully 
referred bv AValcott to Lingula, 
Discina, Hjohthes, and Stromato 
pora,with traces of Tnlobiti s, have 
been found in pre Cambiian strata 
of the Grand Canon of the Colo 
rado In Minnesota a Lingula 
like shell has been found in beds of 
similar age, and tracks of organic 
origin, with other obscure mdica 
tions of luing beings, have been 
found in pre Cambrian strata near 
Lake Superior and in Newfoundland 
In India, geologists have given 
the names of the Gwalior system, 
the Dhfirw^r system, the Bij-fwar 
system, the Aritvalli system, the 
Cuddapah system, and the older 
Vindhyan sj stem to masses of more 
or less altered beds, containing 
scarcely any traces of organisms, 
which in some cases can be shown 
to underlie the Pilseozoic rocks 
Noetling has recently described 


a senes of strata as underlying beds 
containing Olenellm in North 
West India He confirms the con 
elusions of Waagen that this series 
of strata, containing fossils, named 
by the latter ns Neobolus Wanhi, 
N Wynnet mAHyohthus Wymm 
with Stemtheca, and various re 
mams of Annelida, is really of older 
age than the Lowest Cambrian with 
Olenellus If these conclusions bi 
substantiated, wc have probably in 
dications in tins district of a new 
system of fossilifirous strata of 
greater uitiqiiity than the Cambium 
In Bnttanv, Barrois and Ca^ ( ux 
have described the pre Cambrian 
locks of that county as containing 
great numbers of shells of Radio 
larians, Foraininifora, and Sponges 
If the organisms they have de 
scribed as belonging to these 
groups are rightly referred to those 
three divisions of tlio animal king 
dom, it is remarkable tliat the oldest 
Protozoa and Sjionges were of 
much smallerdimensionsthan those 
of tlie Paleeozoic and overlying 
rocks Fufuie discoveries may, it 
is hoped, lift the veil of mystery 
which still envelopes the lift history 
of the oldest known sidimontary 
rocks of the earth’s crust 


The pre C unbi un str d i of 
Great Britain will be found de 
scribed in detail, and their relations 
discussed, in Papers in the ‘ Quart 
Journ Geol Soc ' by Dr Hieks, Dr 
Callawa>, and Professor Blake 
The relations of the Cambrian and 
pre Cambrian strata of the North 
west of Scotland to one another 
were long the subject of controversy, 
and papers on the subject will be 
found m the same journal by Sir 
R Murchison, Prof Nicol, Sir A 


Gcikie, Sii A Hamsa>,Piof Haik 
mss, Dr Hicks, Dr Callaway, Piof 
Bouncy, Messts Pevch and Horne 
For a summary of the various 
opinions put forward by different 
authors the student is referred to 
a paper by Mr Iludleston, ‘ Pioc 
Geol Assoc lH7b, and to the Ad 
dress to the Geological Section of 
the British Association at Abt rdeen, 
18H6 See also Prof Lapworth's 
‘ Secret of the Highlands,' ‘ Geol 
Mag 1888 
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CHAPTER XXTX 

Gl-NERAL RLVIFW OF THF SUCCESSION VND (HARACTERS OF 
THE SFDIMF NTARY ROCKS 

Fossils not found uniformly distributed in Sidiiutntary Formations — 
Imperfertion of our Knowledf'e of Freshwitor and Terrestrial C’on 
ditions during past Geologital Times Existeiui of Organisms before 
C iinbrun Tmus — Illustrations of tin gieit linperfi ction of the 
(tiological Record — ‘ lime r itios ’ ot the (leolo^ical Eias — Date of 
Appi arance ot difTorcnt Forms ot Lift as moditicd by lu w Discoveries 
of I ossilh— G eneral Order in winch Taft forms have appeared ujxm 
the E\rth— Groups of Auniuls and Plants which ha\ e predomiiuted 
m successive Periods — Synthetic Tyjies— Spcci ilised Types— -Per 
sistent Types -Summary of Paleontological History— T ible of Fos 
Hihfcrous Sedimentary Formations 

Variations in the Number of Fossils found in different 
Formations — It will ho seen from the foregoing chapters that 
as wo go backwards in time the records of the chinges which 
have taken place, both in the earth s ciust and in the animals 
and plants which htve inhabited it, become more and more 
fragmentary and obscure In this respect the history of the earth 
resembles that ot the human rice 

Marine Strata more frequently preserved tban Fresb> 
water or Terrestrial Deposits — The Cainozoic strata include 
deposits ot marine, freshwater, and terrcstri il origin, and the 
forms ot V egetible and ammil lite which existed u hile these strata 
were being deposited ar^ almost as wtll known to us is those 
ot the present day In the case of the plants and Invertebrata, 
most ot the Cainozoic fossils can be referred to existing genera 
The Vertebrata of the Cainozoic, however, differ greatly trom 
existing forms, and the farther we go back m the Tcrtiaiy series, 
the more remarkable and anomalous are the forms ot mam 
maliaii and reptilian lite which are found m the strata, while 
the actual proportion ot invertebrate forms still living steadily 
diminishes Hut while it is true that the younger stiata are, as 
a general rule, much more higlily fossilifcrous tliiii the oldei 
ones, there are many exceptions to this rule Formations con 
taming beds of limestone, like the Carboniferous and Jurassic, 
may yield many more fossils than those in which calcareous 
beds are wanting It can be shown, in innumerable cases, that 
strata which must once have been crowded with fossils now 
exhibit only few and obscure traces of orgamsms 

Between the Tertiary and Cretaceous strata we have evidence 
of a very great break, for in the Cretaceous system almost 
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everj one of the Tertiary species is seen to be absent, and 
in the place of the familiar types of plants and animals we find 
wonderful assemblages of strange and curious fonns In the 
Jurassic and the Tiiassic almost all the forms that inhabited the 
seas are different from those of the Cretaceous and from one 
another Although the Meso/oic systems contain some inter 
calated strata of freshwater origin, yet onl> few and imperfect 
traces of the terrestrial life of those vast periods remain for our 
study 

The Newer Palseo/oic rocks still exhibit alternations of 
marine and freshwater strata , but the niaime faunas and floras 
are far better known than the freshwater one In the Coal 
measures we are presented with the earliest impoitnnt record of 
a teirestrial flora AVhen we reach the Oldei Palao/oic rocks, 
all relics of freshwatei and terrestrial life aie wanting, though 
marine forms of life are well represented In jiassing fiom the 
Silurian to the Ordovician, and from the latter to the Cambrian, 
tlie number and variety of the niarme tjpes rapidly diminisli, 
though in the earliest of the C ambrian faunae all the great 
groups of iinertebratc life are still represented The terrestrial 
flora of Older Palaeo/oic times is practically unknown to us 
Bzlstenoe of llTlnv Belnf » before the Cambrian Period 
The pre Cambrian stratified rocks include masses of sedi 
ments, which may not improbably rival m thickness the whole 
of the fossiliferous formations Yet the only forms of life as 
yet detected in tliem are a number of very minute Protozoa 
(Radiolarians and Foramimfera), with some Brachiopoda and 
Pteropoda and obscure tracks and markings, indicativ e of the 
existence of other forms of life, but not sufficiently definite to 
reveal the real nature and character of the organisms Judging 
from the nature and degree of development of the oldest known 
Cambrian fossils, periods of time must have elapsed between 
the first appearance of life on tlie globe and the commeiieement 
of the Cambrian Epoch, at least as vast as those which separate 
the Cambrian fauna from that of the present day 

Imperfection of tbe Oeolof ioal Beoord — e have seen 
that the series of stratified rocks must not be looked upon as 
contammg a complete and unbroken series of records of the 
earth’s past history In many cases, indeed, the gaps in the 
succession of strata must represent periods of tune of vaster 
duration than those represented by the thickest masses of strata 
themselveB 

Dr B D Roberts has endeavoured to give some idea of the 
foot that the geological record in our islands is a moat imperfect 
and fragmentary one In the adjoining woodcut, taken from 



Diagram showing Thicknesses ok Stratified Deposits in Eubiwb 
WITH Breaks in the Series Scale 1 inch « 16,000 feet 
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his work, an attempt is made to illustrate the vastness of the 
gaps which must separate the fragmentary masses of sediment 
in the British Islands 

Mr Darwin has justly said ‘ The crust of the earth, with 
Its embedded remains, must not be looked at as a well filled 
museum, but is a pool collection made at hazard and at rare 
intervals The accumulation of each fossiliferous formation 
will be recognised as ha\ mg depended on an unusual concurrence 
of favouiable circumstances, and the blank intervals between 
the successue stiges as having been of vast durition But we 
shall be able to gauge with some security tlic duration of these 
inter\als bj a coinpirifeon of the preceding itid succeeding 
organic forms We must be cautious in attemjitmg to correlate, 
as strictly contemporaneous, two formations, which do not 
include many identical species, b> the general slice ession of the 
forms of life As species are produced and exterminated by 
slowly acting and still existing causes, and not by miraculous 
acts of creation , and as the most import int of all causes of 
organic change is one which is almost independent of altered, 
and perhaps suddenly altered, physical conditions, namely, the 
mutual relation of organism to organism— the impro\ement of 
one organism entailing the improvi men ir the extermination of 
others, it follows that tlie amount of organic cliangoin the fossils 
of consecutno formations probabh senes is a fan measure of 
the rcldtne, though not actual, lapse of time ’ 

If we bear m mind how wn ill must be the projiortion ol the 
relics of plants and annuals, now existing, that have any chance 
of being buried and preser\ ed m the accumulations now being 
formed in seas and lakes , if wc consider how remarkable must 
be the combination of circumstances conducing to the minerah 
sation of those relics, and their preservation to a remote antiquity, 
and if we reflect upon the remoteness of the probability of 
organisms, when buried and preserved by fossilisation, being 
exposed at the surface and found by man— we shall be on our 
guard against regarding the thousands and hundreds of thou 
sands of beautiful fossils winch are displayed in our mnsoiims, 
as representing more than a very small fraction indeed of the 
forms of life that have once existed on the globe 

To conceive of the actual condition of our geological record, 
as has been well pointed out, we must regard it, not as a fully 
written history, in many orderly ranged volumes, but rather as 
what would remain of such a history if all the earlier volumes— 
constituting at least half the series— were destroyed, while of 
the remainder, whole chapters were torn out and innumerable 
pages hopelessly defaced To deal with such historical materials 
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as if they were complete and consecutive can lead only to mis 
conceptions and erroneous conclusions But, treated judiciously, 
such materials— imperfect and fragmentary though they be — may 
teach us much that is of value concerning the past The geological 
record, though it be incomplete, nevertheless affords us a number 
of glimpses into the past history of the globe, and it supplies 
us with in\ aluablc relics of the wonderful physical changes and 
of the succession of plants and animals that have flourished m 
bygone times 

In the table at the end of this chapter we have brought 
togethei, as nearly as possible m consecutive ordtr, the various 
sedimentary deposits described in the foregoing pages , and these 
will be seen to constitute a grand, if far from complete, history 
of the eartli during long past ages 

Relative Duration of tbe several Oeologrleal Periods. — 
Attempts have been made to estimate the relative lengths of the 
periods of time required for the accumulation of the great masses 
of fossihfcrons strata of the earth’s crust Whether we consider 
the thicknesses of the strata deposited during each of the geo 
logical periods, or the changes which occurred m the life of each 
period, and m the mtervals between the deposition of the various 
systems of strata, the tune required must have been almost 
inconceivably great The late Professor J D Dana estimated 
that tlie thicknesses of strata deposited m successive geological 
periods is such as to require us to believe tint the Meso/oic 
era must ha\e had three times the duration of the Camo?oic, 
the Newer PaluBozoic era, he believed, must have been of con 
siderablv greater duration than the Meso/oic, while the Older 
Palaeozoic era, he considered, must have been twice as long as 
the Neiver Palieozoic If we divide the time during which the 
sedimentary and fossiliferous rocks were deposited into sixteen 
equal parts, these, according to Dana, would have to be assigned 
as follows — 

Camozoic Era, 1 
Meso/oic Era, 3 
Newer Palaeozoic Era, 4 
Older Palaeozoic Era, B 

The studj of the changes which have taken place in the 
various forms of hfe during these several eras leads us to infer 
that this rough estimate may not be very far from the truth 

Order of Appearance of different Forme of Xilfe —It by 

no means follows that the deposit m which the remains of an 
orgamsin, or of a particular class of orgamsms, is first found, 
marks the period at which the organism, or class, appeared on 
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the earth’s surface On the contrary, it is reasonable to conclude 
that the chances of an organism, or class of organisms, being 
preserved in a stratum must be very small indeed until the 
particular forms of life become abundant and widely diffused 
Hence, as was shown in the earlier editions of this work, the 
progress of discovery has continually led to the putting back in 
time of the date of appearance of different groups of animals and 
plants We may recall these facts by reproducing the following 
table relating to the Vertebrata — 

Dates of the Discovery of different Classes of Fossil Vertebrata, 
showing the gradual progress made in tracing them to rocks 
of higher antiquity 




Mammalia 


Aves 


Reptllia ami 
Amphibia 


Pisces 


Year 

Form itioii 

L0( (lllfll '4 

1 1798 

oligocenr 

• Pans 

j 1818 

Lower Oolite 

‘stonesfif Id 

1 1817 

Rh®tlf 

, stnttprart 

1 1884 

Irias 

'south Afri( a 

/ 18 t'l 

Lower 1 oc» IK 

Jsle of ‘sheiiiH'v 

j 18*^4 ' 

Upi>er (irtcnsaiiil 

London 

1 1858 ' 

1 C ambridge 

ll8(,J j 

Upper Oolite 

j Sildihofdi 

(18UI 1 

Permian 

1 TliuriiiKia 

( 1844 1 

Carboniferous 

SanrbrJck 

,1709 1 

Permian 

ThiiniiKia 

179S ' 

Carboniferous 

( lasivow 

18^8 1 

Devonian 

Caitliiie"s 

{ 1840 

Up|ier I uillow 

I udlow 

18V) 

I»wtr 1 uiilow 

1 eintwinlim 

ISill 

HeiiliK k 

Swdkii 


( •' 1 OrdovK mn 

( aliionn t 


In the table on the opposite pagf , which is based on one 
recently published b\ the t minent American pala oiilologist, Dr 
C A White, the order of appearance of the principal groups of 
animals and plants is indicated In representing aiiproximately 
the thickness of the systems of strata and the duration of the 
se\eral geological periods, the ‘ time ratios ’ calculated by Prof 
J D Dana have been employed 

All the great groups of the Invertebrata, the Protozoa, the 
Coelenterata, the Echinodermata, the Arthropoda, and the Mol 
luBoa had come into existence and acquired their distinctive 
characters in the Cambrian penods Durmg successive periods 
each of these groups underwent a wonderful senes of changes, 
the direction of those changes being in almost every case from 
forms in which we find a blending of character now exhibited 
by different groups (’ generalised ’ or ‘ synthetic ' types)— which 
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Banqe of Animals and Plants in Gkolooical Time 



A 1 Protozoa A 2 Ccelenteratii A 3 Echinodormata A 4 Arthropods 
A 6 Molluscs Cwith MoIJuatolds) B 1 Intects B 2 Terrestrial snd Fresh 
water Molluscs Cl Fish Ci Tehosteans D I Amphibians D 2 Reptiles 
D 3 Umosaurs L Birds F 1 Non placental Mammals P 2 Placental 
Mammals (, 1 Plants () 2 Dicotyledons and Palms 
%> 
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abounded in earlier periods of the earth’s history— to those 
forms in which thesr characters are found separated from one 
another m distinct >pecie8 or genera (‘ specialised types ’) 
While many of the forms of life show such remarkable and 
constant changes, others (like Nautilus and Livquln) lived on 
through the geological periods with but little change, and these 
we speak of as ‘ persistent tvpes ’ 

Although new discoveries ni'' modify our views concerning 
the exact period at which certain groups of the Vertebrata made 
their appeaiance on the earth s surface, as shown in the table, it 
is not likeh that any new facts which max bi learnt b^ future 
research will seriously modify our conclusions concerning the 
order of those appearances There is clear ev idence that the 
general rate of change among the Vertebrates was more rapid 
than m the case of the Invertebrates, ind in the higher Verte 
bratess (Mammalia and Axes) it was more rapid than in the 
lower onfs (Reptilia, Amphibia, and Pisces) Among the 
Vertebrates, is among the Invcrtebiates, w( find remarkable 
synthetic or generalised types constituting the eailior leprtsen 
tatives of each group, and these are followed by more specialised 
forms, gradually approximating in structure to those which are 
now lixing A few Vertebrates, like Ceratodun among the fishes 
and the Khyncocephalians among the reptiles, may be considered 
to be persistent types 

Predominance of certain Types of Animal and Veg:e- 
table Life at particular Periods of tbe Earth’s History — 

Although doubt must always exist as to the exact time of the 
appearance on the earth of particular forms of life, nothing can 
be more certain than the fait that during successive periods of 
the earth’s history different groups of animals and plants 
attained a wondeiful development, and characterised the epoch 
by their numbers and variety of forms It is equally clear that 
the dominant types of each succeeding period belong to groups 
of higher and higher organisation The Older Palico/oic rocks 
yield few forms of life, except those of the Invertebrata, 
and among these the Graptolites, the llrachiopoda (especially 
curious inarticulate forms) which altogether outnumber the rare 
Lamelhbranchiata— and the remarkable Trilobita are especially 
conspicuous In the Newer Palaeozoic period we find the Corals, 
Echmodermata, the articulate Brachiopoda, with the anomalous 
Stromatoporoidea and Monticuliponda, existmg m groat num 
hers The Graptolites have disappeared, and the * declin 
ing Tnlobita are replaced by forms of the Eurypterida, the 
Xiphosura, and Crustaceans The Cystoidea are replaced by 
the Blastoidea, while the Cnnoidea and other groups of the 
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Echinodermata attain a very stnkmg development. What is 
a most remarkable fact, however, about the life of the Newer 
Palaeozoic era, is the abundance and variety of the forms of 
fishes of that early period, while the closely related Amphibians 
also make their first appearance The Mesozoic era is distin 
guished by the appearance of miny Sponges, Corals, and 
Echinoderm ita much more closely related in their structure to 
those of living forms than are those of Pabeo/oic times The 
Brachiopoda lose tlieir overwhelming predominance, and many 
living genera of Lamelhbranchiata and Gastropoda make their 
appearance m great numbers The most noteworthy peculiarity 
of the Meso/oic era, however, is the profusion and variety of the 
forms of life known as Ammonites and Bolemmtes, and the replace 
ment of the Pahtozoic Arthropoda (Trilobita and Eurypterida) 
by fonns not very dissimilai to those which now evist Among 
the Vertebrata, Fish ind Amphibians lose their predominance, 
and the fieptilia acipiire a wonderful development Instead 
of the four or live ordeis of the present day, we find the 
Reptilia represditcd by nearly twenty ordtrs (see Appendix C ), 
and the reptiles of the period are remarkable alike for their 
smgularit} and variety of form, and for the enormous dimensions 
which they attained Among the Reptilia were singular bird like 
forms (Dinosauria) and equally remarkable mammal like types 
(Thenodontia) , but true birds and mammals— all apparently 
belonging to lowly and 8;ynthetic types— made their appear 
ance during Meso/oic times The Mesozoic was the ‘ \ge of 
Reptiles , ’ the Cainozoic ‘ the Age of Mammals ’ \s the 
Meso/oic reptiles of aberrant forms disappeared, the mammalia 
— m great numbers and often of vast sizc'-came into exist 
ence The earliest forms were synthetic types, but, as we 
trace them through succeeding periods, the specialised types 
^like camels, horses, and elephants) appear, and gradually 
acquire their distinctive and peculiar characters The Inverte 
brata of the Mesozoic era differ far less from those of the 
present day than do the Vertebrata Ammonites and Belemmtes 
disappear, the Brachiopoda decline in numbers and become 
subordinate to the Lamelhbranchiata, and the existing genera 
and species appeal in ever increasing numbers, as we follow the 
succession of the Tertiary strata 

What IS tnio of the animal life of past ages is equally true 
of the plant life Of the marine algae— excepting those rare 
forms which have a calcareous skeleton — our knowledge is neces 
sarily limited The oldest terrestrial flora known is that of the 
Newer Palaeozoic rocks Making every allow ance for the fact 
tliat the remains of plants found are usqally those growing m 
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marshy situations, and that hence they may not fairly represent 
the entire plant life of the period, the Carboniferous flora is a 
very remarkable one The abundance and enormous size of the 
Cryptogams are very striking phenomena , and still more won 
derful IS the fact that at this early period these Cryptogams, 
whether allied to the recent Fihces, Lycopodiaceae, or Equiseta 
ce®, all exhibit the exogenous mode of growth now found almost 
alone m the Phanerogamous plants The Cycads and Conifers, 
and curious forms possibly intermediate between them and the 
Cryptogams, which existed in considerable numbers m Newer 
Palffiozoic times, became still more abundant, and constituted 
the dominant forms of vegetation m the Meso/oic era But during 
the Cretaceous we witness the incoming of the existing flora, 
Cryptogams and Gymosperms declining in numbers and si/e, 
and bemg replaced by the Angiosperms, both Monocotyledonous 
and Dicotyledonous It is interesting to notice that the epochs 
which mark great changes m the terrestrial flora do not coincide 
with those which witnessed the great changes m the marine fauna 

The number of groups of animal and plant life which have 
become extinct during past geological times, and their propor 
tions to those now living on the eartli, are illustrated m Appen 
dices B and C 

Snmmarjr of ValeBontolofioal Blitory —A review of the 
facts which have been ascertained concerning the appearance 
and disappearance of the forms of life during past geological 
penods leads us to the following conclusions 

1 The species of animals and plants die out or disappear, one 
by one, in consequence of the conditions for their existence 
becoming unfavourable, or from their failure to maintain a 
competition with other forms Many examples of species that 
have certainly become extinct m historical times are known- 
such as the Great Auk, the Dodo, and ^teller’s Sea cow Great 
numbers of individuals may be destroyed by ‘catastrophes,’ 
such as earthquakes, volcanic eruptions, or floods, but no proof 
has ever been obtained of a species having thus become extinct 

2 The new forms of life which have been constantly coming 
into existence upon the earth dunng past geological tunes have 
appeared one by one Great changes m tlie fauna and flora 
of a distnct can always be correlated with the lapse of long 
penods of tune When we have a contmuoua series of deposits, 
however, the new forms of life make their appearance ‘ as single 
spies, and not in whole battalions ’ 

8 The new forms of hfe that thus make their advent seem 
in all cases to be related — and generally very closely related — 
to forms that have preceded them The supposed oases of the 
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sudden appearance of t^pes without any precursors break down 
upon rigid examination of the evidence 

4 Animals or plants of more complex organisation die out 
and are replaced by new forms moie rapidly than those of 
simpler structure -Vertebrates change more rapidly than Mol- 
lusca, and Molliisca more rapidly than Foraniimfera 

5 During the later geological periods, ‘life provinces ’ were 
identical with those of the present day , but as w t go backwards 
in time the limits of these provinces become less cleirly defined , 
and m all the carhci periods of the e nth slnstory (Meso/oic and 
Palieo^oic), though there were life provinces, thest had no re 
lation whatever to those of the existing flora and fauna 

G As a general rule, the most highly specuhsed forms of 
life have made thoir ippoaianco on the earth later than tlie less 
specialised Many of the oldci forms are wlnt uituralists call 
‘ synthetic types,’ and exhibit, m combination, characters now 
displayed only m dilferciit species, genera, fiimhes, or orders 

7 There are certain cases— like those of the horsis (seep 
178), the camels, the clophantb, and other highly specialised 
groups— in which ancestral forms have been discovered in suf 
ficient numbers to enable us to trace out w ith tolerable accurac> 
the general line of their descent, and the successive modihci 
turns by which these remarkable types have assumed their 
peculiar cliaiacters 

8 On the other hand, theie are imdoubtodly manv remark 
able groups of animals and phnts, both living and extinct, con 
cerning which theie is it present no p il eontological evultnoe 
available which would enable iis to trace their probable descent 
from pie existing types This, however, is no more thin we 
might expect if we boai in mind the necessarily imperfict tha 
ractor of the geological record 

y Hence it must be conceded that, with respect to a large 
proportion of the known foims of animal and plant life, it is 
impossible to construct ‘genealogical trees’ on the basis of 
palaeontological evidence 

10 But in spite of the fict that the chance of finding 
ancestors in the direct line of desient foi living species is 
often a remote one, yet the evidence afforded of the exi<^tence of 
forms coZ/uttralZy related to them is sometmits of veiy great 
value if it be rightly interpret! d 

11 Although types which serve to bridge over gaps in our 
series of existing life foiins seem sometimes to arise, without 
any foreruimers that can be legarded as linkmg them with pre 
existmg groups, yet instances of this kind often disappear and 
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become more and more easily explicable as the result of fiirther 
research and as new discoveries are made 

12 Much of ihe diffaculty of iracmg the descent of forms 
of life, from the study of pal»ontological evidence, arises from 
the imperfect preservation of fossil types, and the consequent 
impossibility of making complete comparisons with living types 
Of the actuil relations of the soft parts of the Graptolithida, 
btromatoporida, MonticuliporKla,Ac , with those of living groups, 
the evidence is unfortunately altogether wanting 


Such being the facts of the palteontological history, it re 
mams foi the zoologist and botanist to find tlieir explanation, 
and to say with what theory or theories of thi origin of species 
that history is most consistent 
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Bbiwh Dfiohith 


I Forest bed of Norfolk 
I (p 183) 

I f hiUesford sands and clays (p 
Norwich crag (p 185) 

lied ( rag (p 185) 

White crag (p 187) 
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I Wantiiii, 


cliffs Marine beds at base of Etna 
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184) Sicilian strata (p 233) 
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no (p 214) [227 229) 
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Ditstien and Antwerp crags 
(p 228) [233) 
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Pliocene of North America (p 244) 
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, Bonltau'c (p 227) 
Swiss beds of ()eningen(p 231) 
Mariiu uiolasse of Swit/erlind 
I <p 231) [235) 
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PART III 

VOLCANIC ROCKS 


CHAPTER XXX 

\OLCV\H K0( KS, THUk NVTlJR^ VNf) ( OMrOSITION 

Relation of volcanic Rotkn to the sedimentary hypogcne Rocks— Nature of 
Action taking place at Volcanic vents — Lavas and their Vanities — 
F’ragmental materials ejected fiom Volcanoes — Sconsc, hpilli, dust, 
pumice, bombs— Formation of volcanic Tuffs— Alteration of volcanic 
Rocks by aolfataric and atmospheric agencies— Chemical composition 
of lavas— Acid, intermediate and basic lavas— Rhjolites and Soda 
rhj elites— Andesites, Tiachyks, Phonolites and Tephrites — Alteration 
of AncUsitcs — Propylites and Porphyntes— Basalt and Melaphjrts 
— Tachylytts and Viiiiolites— Basaltic and Palagonite Tuffs 

Relations of Volcanic Rocks to those of other classes 

The aqueous or fossiliferoiis rocks having now been described, 
we have next to examine those which may be called volcanic 
111 the most extended sense of that term Suppose a a m the 
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annexed diagram to represent the crystalline formations, such 
as the granitic and metamorphic , b b the fossiliferous strata , 
and c c the volcanic rocks These last are sometimes found, as 
was explained m the first chapter, breaking through a and b, 
sometimes overlying both, and occasionally alternating with the 
strata b h 

Ratttre of Volcanoes and of Volcanic Action —Volcanoes 
are apertures in the earth’s crust, through which various 
materials, usually in a highly heated condition, find their way 
to the surface The substances thrown out of volcanic vents are 
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sometimes in a gaseous condition, sometimes liquid, and at 
other times solid The gases given off by volcanoes are chiefly 
water gas or steam, sulphurous acid, hydrochloric acid, and 
(during the later stages of the history of a volcano) carbon dioxide , 
but raan> other substances, such as boric acid, hydrofluoric acid, 
ammonium chloride, and ^arlous metals and metallic sulphides, 
in a \aporised condition, also escape from volcanic orifices 
The chief liquid thrown from volcanic vents is water, when the 
temperature is not so high as to convert it into steam Many hot 
and mineral siinngs are clearly connected with volcanic activity 
within the earth’s crust, ind, as shown bv the late Mr Uobert 
Mallet, ‘gevseis,’ in all then essriitial tharack is, arr iihntical 
With explosive volcanoes though hot water instead of molten 
lava IS tin own out from tlnm The water of gevsers and hot 
springs often contains silica, calcium c irbonate, and other 
mateiials m solution, and these substances aie deposited 
around them 

In most of the ordinaiv volcanoes, however, various kinds 
of lock, cither in i molten or a solid stati, aie ejected and 
accumulate round them to form conical volcanic mountains, 
the V ent remaining as an apei ture or cup shapi d hollow (‘ crater ') 
at the summit or fn the side of tlie volcanic cone 

KTature of lavas -W hen liquid, this ‘ lav a ’ (as the molten 
rock 18 called) looks like a red or white hot slag, but it nsiially 
gives off great quantities of steam and othei gases, watei being 
evidently miprisontd in the imdst of the molten mass, and 
escaping into the atmosphere vvlien the pressure is rthev ( d by the 
lava reaching the smface home lavas are so liquid that they 
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flow like rivers over the surface of the earth , and such lav as 
generally exhibit remarkably rough and cindery surfaces, due to 
the escape of steam and gases from them as they flow along 
Other lavas are remarkably viscous, sometimes moving along 
like glaciers at the rate of a few inches a day, lavas of this type 
usually exhibit a smooth surface, which is often wrinkled and 
twisted so as to resemble coils of rope, ‘ ropy surfaces (see fig 
633 and fig 653, p 471). 

ejected rrftfments.- The solid materials thrown from 
volcanic yents consist of blocks of lava, sometimes compact, but 
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more frequently distended by gas so as to resemble a cmder 
{scoria) When the scoriae are amall (about the size of a nut) 
they are called by the Italian name of lapilh, and when reduced 
to a granular or sandy condition they form ‘ pu/zolana,’ while 
when perfectly comminuted they are known as volcanic dust or 
volcanic ash 

Volcanic scoruo are sometimes spoken of as ‘ cinders,’ which 
in outward aspect they greatly resemble Fine volcamc dust m 
the same way is often called ‘ ash , ’ but it must be remembered 
that these terras only indicate tho general appear am e, and not 
the origin of the substances There is no real analog} between 
the pieces of half burnt coal known as ‘ cinders and the masses 
of mixed silicates, which ha\e been distended by gases while 
they w eri in \ fused condition, that w e call scoriae , equally little is 
theio in common between tho ‘ash,’ or incombustible residue 
left by the bmning of coal, Ac , and tho fine dust produced by 
the trituration of scorue and pumice Volcanic scoria and dust 
are so like cindcis and ash in outward appearance, tint it is 
almost impossible to a^ oid using these names for them , it must 
always be remembered, however, that volcanic materials are 
not, like cinder and ash, products of comhuskon There is, 
indeed, little or no burning taking plate at a volcanic vent, nor 
does tho action of a vole mo depend on combustion The red 
glow above a volcanic vent is due to loflection from the ( loads 
of steam and dust above tho cratei, of the sui faces of glowing 
lava witliin it The loud rumbling sounds, the trembling of 
tile ground, the intense darkness, the lightning flashes, and the 
heavy falls of rain which accompany and follow violent volcanic 
eruptions are alt consequences of the escape of great masses of 
watery vapour fiom the midst of masses of molten rock in which 
it has been occluded, and tho ejection of fragments of lava by 
the agency of this escaping steam A few inflammable gases, it 
18 true, escape and take fire on reachmg the outer air, but these 
are not highly luminous, and flames ’ are nev er conspicuous in a 
volcamc outburst 

Round or fusiform masses of lava, partially distended by gas, 
which have assumed a more or less regular form by rotation 
during their flight througli the atmosphere, are known as 
volcanic bombs These must not, however, be confounded with 
the fragments of scoria coated with lava, over which they have 
rolled, these being known to geologists m pseudo bombs 

When a lava is glassy and becomes distended by gas, it forms 
the well known material called ‘ pumice ’ Sometimes the vol 
came glass is drawn out into delicate threads like the ‘ Pelt’s 
hair ’ of Hawaii, or it may give nse to the beautiful matenal 
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described by the late Professor Dana as occurring in the same 
district and known as ‘ thread lace scoria ’ 

Scorijp i\hich have been buried in the earth’s crust often 
have their cavities or steam holes filled with various minerals, 
these having been formed by the solvent action of water permeat 
ng the substance of the lava Such rocks are said to exhibit an 
amyqdalQid<il structure, from 
the Greek word amyqdahn, an 
almond (see fig 684) Rocks 
of this kind, indeed, some 
times very closely resemble 
the well known sweetmeat 
known as ‘ almond hardbake ’ 
The substances which fill up 
the cuities in tliesc nmvgda 
loidal rocks are usualH opal, 
(juart/, caltite, or the inrioiis 
crystallised Iiydrou silicates 
known as ‘ Zeolites 

Besides hva in \arious 
foiins, \olcanoes freijiienth 
discharge fragments of lock 
torn fioni the sides of their 
\ents, often it great depth 
from the surface Such ejected 
blocks may be of aepieous ongin and contain fossils, but they 
are often much altered and sometimes ha\e become completely 
crystalline in < onseepiciice of their contact with the masses of 
molten lava 

Volcanic Tuffs The loose materials ejected from volcanoes 
often become cemente d to form a more or less hard and solid 
stone Of this class is the ‘ peperino of the Italian geologists, 
a light spongy rock often used as a building material, and made 
up oflapilli cohering to form a rock suitable for building pur 
poses S( ori^e, lapilli, jm/zolana, juiiiiice, and volcanic dust, when 
acted upon by atmospheric waters containing carbon dioxide, 
undergo chemical changes, the calcium silicate being converted 
into carbonate w Inch acts as a cement to the whole mass, while 
m other cases secondary silicates are formed which play the 
same part The general name applied to rocks formed of 
coherent fragmental volcanic material is ‘ volcanic tufa ’ or 
‘ tuff,’ which must of course be clearly distinguished from the 
calcareous tufa deposited by mineral springs The ‘trass’ of 
the Eifel district is a rock composed of lapilh and dust which 
when quamed and exposed to the air sets to form a very solid 
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and useful buildmg stone The fine dust of volcanoes, when 
mixed with water, often sets in the same way into a hard mud 
The various tuffs and volcanic muds not unfrequently contain 
remains of plants and land shells, when deposited in the sea, 
they may enclose shells and other marme organisms 

Lavas and fragmental materials about dormant and extinct 
volcanoes (solfataras) are often found greatly affected by such 
V olcanic emanations as sulphurous acid, hydrochloric acid, carbon 
dioxide, like , and in conseipience <)f this ’iolfataric action many 
of tlu minerals of which volcanic rocks aie composed are found 
to be much altered or even converted into ‘ pseudouiorphs,’ 
while ntw substances such as <[uart/, chalcodonv, opal, &c ,are 
found hlling then tav ities and fissures 


Ctaemloal Composition of ILavas Lavas when analysed 
are found to consist of nnxtuus of vaiious silicate-, among the chief 
of which au the silicates of alummiuni, calcnuii, magnesium, iron, 
sodium and potassium , but water and other compounils of hydrogen 
uic almost invariably prc',ent also In some cases, the pioportion ot 
silica m lavas is very high, from 00 to HO per cent - and the rock is 
said to be an acid laia In othei cases the proportion of silica is 
low -0 j to 40 per cent -and such a lava in which the bases piepon 
derate over the acid silica is called a basic Iain Lavas in which 


the proportion of silica vanes fiom about '>> to 00 are called by 
English geologists lUtamcdiatt lams (‘funs nciifics' of French 
authors) 

Structure of Ziava* -- Lavas differ from one anothei greatly in 
structuio or tcxtiue Some lavas aie almost destitute of crystalline 
matter and form glassy, vitreous, or 
hyaline masses At other times 


the lava rocks, while perfectly com 
pact display, instead of the ‘vitreous 
lustre ’ of glass, the ‘ lesinous lustie 
of pitch, such rocks are known as 
‘ pitclistones Many othei lavas 
exhibit a finely granular or stony 
appeal aiice Lavas often contain 
included crystals of felspar or some 
other mineral scattered through 
them (‘ phenocrysts ’ of American 
geologists), and such rocks are said 
to have a porphyntic structure 
Glassy and stony lavas may alike 



exhibit this porphyntic structure 
The original porphyry of the an 
cients (porfido rosso antico) is an 
old andesitio lava m which the base 


Porphyry 

White orjxtivls ( phi iiocr\ -t- ) of ft 1 par 
m a dark purplish b 


or ground mass has acquired by alteration a rich purple tint, while 
white felspar crystals are seen scattered through it (see fig 635) The 
term ‘ porphyritzo ’ is now, however, applied to any rock containing 
large scattered orystals, without reference to its colour 

When the base or ground mass of a lava is studied m thin sections 
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under the microBoope, we find more or less glassy matter through 
which are scattered embryo and minute crystals (‘ crystallites ' and 
‘ microlites ’) Sometimes these microlites are found grouping them 
selves to foim skeleton crystals, the spaces around being left more or 
less clear, and forming ‘ courts of crystallisation , ’ at other times the 
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microlites group themsehes into spherical aggregates (simple or 
compound), usually minute but occasionally several inches or even 
feet in diameter which, are called ‘ spheiulites ’ (see hg 038) When 
empty cavities, probably formed by contraction during crystallisation, 
exist in these spherulites the) are known as ‘ lithophyses’ (hollow 
spherulites) The disposition of the poiphyntic cr)stals, the micro 
lites and the crystallites, in a lava often indicates, by their parallel 
arrangement, that the molten mass has been m motion after the 
development of these structures within it The rock is then said 
to exhibit a Huidal o» banded structure (see fig 037) Movement 
is also indicated by the drawing out of gas bubbles, which exist in 
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Glassy rock exhibiting banded or fluidal, fllahs) rock, partially dc vitrified, and 

and iierlltic structure showing sphcrulltic structure 

almost all lavas, and have been formed by escaping steam, such 
lavas, when glassy, are said to be ‘ punuceous ’ m structure , they 
sometimes exhibit a beautifully satiny sheen (‘Schiller’), due to 
the presence of these drawn«out cavities Some glassy lavas are 
traversed by numerous fine cracks, straight and curved, and m con 
sequence of these they often produce interference colours and some 
times break up into small round particles Such lavas are said to 
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have a ‘perhtic’ structure, and they are then spoken of as per 
lites (see fig 6^7) The ‘axiohtic’ structure of Zirkel appears to 
arise when spherulites tend to form along the sides of perhtic and 
other cracks in glassy rocks 

When minute ‘ lath shaped ’ microlites of felspar are entangled 
m a mass of glass the ground mass of the lava is said to be a 
‘ microlitic felt ’ (see figs 641, 612) , when somewhat larger crystals of 
felspar are enclosed m augite or some other mineral, the lava is said 
to have an ‘ ophitic ’ (diabasic) structure (see fig p 518) , the 
fiacture along cleavage planes of a mineral enclosing others in this 
way gives rise to the appearance known as ‘lustre mottling ’ in rocks 

Acid Lavas, Shyolltes, Ac -The lavas of acid composition 
are now generally spoken of by geologists as Rlijolites occasionally, 
however, the tcims Liparites and Quartz-trachjtes are applied to 
them Forms of these lavas which have undergone partial recrystal 
hsation (secondary devitrihcation, resulting from hydration, kaolini 
sation, and other chemical changes) are spoken of as ‘ iiuartz felsitos. 

Fig 640 


Fig 639 
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pact it IS often called ‘ hornstone ’ Varieties exhibiting the lustre of 
pitch or resin are known as pitohstone (‘ retinite ’ of French authors), 
while those in which the ground mass is perfectly vitreous or glassy 
aie called Obsidian (see fig 6d')), Pitchstones and Obsidians exhibit 
the banded, fluidal, spheruhtic, perlitic and pumiceous structures in 
gieat perfection There is often a complete passage from the most 
stony or highl\ cijstilline forms of rhyolite, through compact and 
resinous t}pes to the glassj obsidian, and its frothy form pumice 
Fragments of these materials accumulate to form rhyolite and 
pumice tuffs, which often contain opal and tridvmite 

Most rlnolites contain a hrgt pioportion of potash as compaied 
with soda, but in some cases tlu pioportion of soda is higher than 
the potash Such la\as are called soda rhyolites or ‘ quart/ pantelle 
iites, fiom their occuircnce in the Island of Pantellena They often 
contain, in addition to the quartz crystals, ‘ phenocrjsts ’ of a soda 
oithoclase (anorthoclasc) or soda microcline, and of a soda hoin 
blende (Aiiiigmatite oi Coss}ritc) 

As the ihyolites nioie uadily assume tin glassy condition than 
any other class of lavas— owing to the large propoition of alkalies 
which they contain— the special characteristics of glassy rocks are 
peculiarly well exhibited bj them It is among therhjohtes that we 
find the most stuking examples of spheruhtic and perlitic structure, 
while it is the same class of rocks that furnish the finest and most 
perfect varieties of ‘ pumice ’ 

When the alumino alkaline silicates of the rhyolites irt acted 
upon by sulphuious acid, various hydrous sulphatis are formed 
{ alunite,’ Ac ), and the altered rock isknown|as'alumstone, ’ this rock, 
when roasted and washed, yields crystals of alum In Hungary and 
other districts, extensive deposits of alumstone are found which have 
evidently been produced by solfatiric action on ordmarj rhyolites 
By the action of atmospheric agents (carbon dioxide and watei) on 
rhyolites, various stages of alteration and decomposition are brought 
about, and different names have been applied to these altered foims 
In this country many of the altered rhyolite lavas are known as 
felsites and quai tz felsites , rocks of this class with a spheruhtic 
structure are called by the French geologists * pyromendes , ’ when 
incipient foliation has been produced in them they have been called 
‘ porphyroides,’ and when this action has gone further they may be 
converted into * quartz schists 

Intermediate Lavaa —The lavas of intermediate composition 
contain from 55 to 66 per cent of silica , they have as a rule a darker 
colour than the rhyolites and a density varying from 2 8 in the 
stony varieties to 2 5 in the glassy forms They more rarely assume 
this glassy form, however, than do the rhyolites , but many forms of 
pitchstone and obsidian, with spheruhtic and perlitic varieties, and 
some pumices, are of intermediate composition The lavas of inter 
mediate composition usually contain quartz only as an accessory 
constituent, while olivine, though occasionally present in them, cannot 
be regarded as one of their essential minerals 

iUidealtes -By far the largest and most important group of the 
intermediate lavas is that known as the ‘ Andesites ’ They are rocks 
composed essentially of crystals of plagiociase (soda lime felspar), 
with a pyroxene (augite or enstatite), hornblende or biotite and more 
or less glassy base Usually the ground mass of the rook exhibits the 
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aggregation of felspar microhtes in a glassy base known as a ‘ micro 
litic felt,’ so that this structure is often spoken of as being typically 
andesitic 

The Andesites fall naturallyinto two great groups, the hornblende 
and biotite andesites (see fag 642), which incline towards the acid lavas, 
and the pyroxene andesites (augite and cnstatite andesites) inclining 
towards the basic lavas (see fig 641) There are, however, curious 
links between these types rocks which contain at the same time 
biotite and enstatite, or hornblende and augite Some andesites con 
tain a very high peicentage of silica, and when this crystallises out 
as quaitz the rock is known as quartz andesite oi ‘ dacite ’ These 
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rocks nia> be rtgauhd as belonging to the acid lathei than the inter 
mediate senes On theothei hand, some of the augite and enstatite 
andesites are very dark colomed, heavy rocks, and only differ from the 
basalts in not contamng ohvinc 

Besides the large and widely distubuted group of the andesites 
the intermediate class of lavas contains several other gioups of 
rock of consider able interest 

Trachytes -The name tiachyte wa^ originally given to all light 
coloured lavas in opposition to the blaek basalts , the tei mis now 
applied by petrographeis to locks consisting of crystals of orthoclase 
felspar (Sanidine) with subordinate plagioclase and hornblende, or 
augite set in a moie or less glassy base (set fag 6H) Trachytes often 
contain as accessory constituents sodalite, melihte, olivine, and 
other mineials The trachytes art far less common than the andesites, 
but aie found not unfrequeiitly not only among the pioduets of 
recent volcanoes, but among those of earlier peiiods of the earth’s 
history 

Phonolitet and Tephrltes When a rock of thetiaehytic type 
contains considerable quantities of the felspathoids, nepheline, leucite, 
hauyn, or nosean, it is called a phmohte (‘ clinkstone ’ of the old 
authors) The phonolitea, though abundant in certain districts, like 
Bohemia and Central France, are not very widely distributed In 
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this country, we find a good example of a phonolite only m the Wolf’s 
Bock off the Land’s End in Cornwall (see fig 644), while some of the 
trachytes of Haddingtonshire contain small quantities of nepheline 
and approximate to phonolites m their structure and mineral con 
stitution 

Rocks of andesitic type, that is, with a plagioclastic felspar pre 
dominating, which contain the felspathoids, ntpheline, leiicite, hau^n, 
&c , are known as tcphnfes They form a class which is even less 
widely distributed than the phonolites 
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Lavas of intermediate composition undcigo changes much more 
easily than the acid lavas, owing to thtir smaller proportion of silica 
and their higher percentage of non oxides Andesites which have 
been altered by solfataiic action are called i>ropyhU<i, among 
trachytes which have been similarly altcied wc find the dom let, of 
Central France When alteied by the various atmospheric agents, 
the andesites are converted into the rocks known as porphyntes, 
though some of the rocks called by this name are plutonic rather 
than volcanic rocks The phonolites, owing to the instability of their 
felspathoid constituents, are especially liable to alteration and disin 
tegration 

Basic lavas,~The lavas of basic composition contain less than 
55 per cent of silica , they are always dark and frequently even black 
in colour, and have a density varying from 2 9 m the stony varieties 
to 2 7 in their glassy fonns When quartz is present in these lavas, 
which IS a rare occurrence, there is reason to believe that it has been 
caught up in the flowing mass, and is not an original constituent of 
the rock The felspai s picsent are Iirne soda vai u ties (labradorite and 
anorthite) , the ferro magnesian silicate is usually augite , a con 
siderable amount of magnetite or titanofeirite geneially occurs in 
them In addition to the minerals already mentioned, we nearly 
always find some olivine present in the basic lavas , and this mineial 
not unfrequently forms conspicuous granules, or even nodules of 
considerable size Some authors, indeed, regard olivine as an essen 
iial constituent of the basic lavas 


CH XXX ] 


BASALTS 


466 


Basalts, 4kO —The general name applied to the<3e basic lavas is 
basalt, the term dolmte being reserved for the coarser grained 
varieties, which, as we shall see hereafter, occur more frequently as 
plutonic rocks It was shown by Cordier that, m spite of its com 
pact appearance, when viewed by the naked eye, ordinary basalt is 
really an aggregate of minerals— felspar, augite, olivine, and magne 
tite By grinding the rock to powder and carefully hevigating it, 
Cordier was able to separate the several minerals according to their 
different densities , the same result can be much more easily attained 
at the present day by putting powdered basalt into liquids of different 
specific gravity in a still more simple manner, we may examine not 
only the sevcial minerals m the rock, but also their relations to one 
another by making thin transparent sections of basalt and studying 
them under the microscope (see fig b4')) All the basalts contain 
more or less of a glassy material between their crystals and basalts 
with an exeeptionil quantity of such glassy mahrial aie called 
magma basalts 

Basalts sometinus contain, in addition to their essential minerals, 
enstatite, hornblende, oi biotitc Locally distributed, we find basalts 
containing one or other of the felspathoids leucitc, nepheline, hauyn, 
or raelilite - and these are known as leucite basalts, nepheline basalts. 
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hauyn basalts, and melilite basalts Basalt like rocks with leucite and 
nepheline, but without olivine, are called by continental authors 
leucitite (see fig 646) and nephehnite 

The basalts show much less tendency to pass into a glassy state 
than do rocks of more acid composition Occasionally, however, as 
in the surfaces of lava streams and the margins of dykes, where 
rapid cooling has taken place, we find basalt glass or tachylyte 
formed This tachylyte may exhibit the banded, spheruhtic, and per 
litio structures so characteristic of vitreous rocks Pelc’s hair and 
the thread lace scoria of Hawaii are beautiful pumicecus forms of a 
basalt glass 

Owing to their smaller proportion of silica and the amount of 
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iron oxides which they contain, the basaltic lavas undergo easy de 
composition, oiten losing their black colour and assuming reddish 
and brownish tints Melaphyrcs are forms of these altered lavas 
When the basalt was sconaceous, the cavities become filled up with 
various secondary minerals— calcite, quart/, zeolites, chlorites, <frc — 
and an amygdaloidal rock is produced (see fig 6^4,p 458) When a 
basalt glass with spherulitic structure undergoes alteration, a rock 
IS produced, which, from its fancied resemblance to the skin of a 
small pox patient, has long been known as variolite 

The fragmental materials derived from the basaltic lav ad are 
known as basalt tuffs , the variety known as palagonite tuff which is 
common in Sicily and Iceland, contains the hydrous glass of sccon 
dary origin called by mineralogists ‘ palagonite ’ 

There arc a veiy few lavas in which the proportion of silica is so 
low that they must be classified with the ultra basic rocks, but these 
are of rare and exceptional occuirencc 
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CHAPTER XXXI 

ORIGIN AND STRUCTURF OF VOLCANU R0(KMASS1-S 

Explosive and effusive action of Volcanoes—Origin of Volcanic Cones— 
Intimal structure of Volcanu Cone h— O rigin of Vokanu Craters— 
Formation of Volcanic Dyk< s— Varu tics of Volcanic Dykes— Alteiation 
of Rocks on the sides of V^ohanic Dykes— Contact Mctanioriihism — 
Alteration of Sandstone, Slmh, Limestone, and Coal— interbedde d 
and (ontemj)ornncous Volcanic Rcaks contrasted with intrusive oi 
subsequent masse s- -Columnar and ghibular structures in Lavas 

Different JElnde of Volcanic Action — Volcanic activity is 
of a twofold nature — explosive and effusive Soiiietiines great 
volumes of steam escape from the vent with terrible violence, 
carrying up considerable rock masses, with bombs, scoria , lapilli, 
and dust, to the height of many miles into the atmosphere- and in 
such quantities as to completely darken the whole district around 
for hours, days, or even weeks The larger fragments, when they 
fall back to the vent, are re ejected, and this takes place again and 
again, till all are gradually reduced to an impalpable powder This 
volcanic dust mingling with the rain, produced by the condense 
tion of steam, sometimes flows down m rivers of mud, which 
consolidate to form beds of volcanic tuff At each explosion of 
steam from the midst of the molten rock m a volcanic vent, a 
fresh surface of the glowing lava is exposed, and it is the ruddj 
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reflection of this upon the clouds of vapour and' dust Wihieh is so 
frequently mistaken— especially at ni^ht -for flames, and has 
led to volcanoes beinjj termed incorrectly ‘ burning momntams ’ 
The friction between the ascending column of vapour, the 
ej ected fragments, and the sides of the vent gives rise to the 
generation of electricity and the wonderful displays of lightning 
so common during \olcanic outbursts At other times, lava 
issues quietly from a volcano, witli but comparatively little 
escape of steam , and the mass of molten rock flows as ‘ lava 
streams,’ which are often of enormous volume This effusive 
action may, like the erplosive action, go on continuously for 
long periods— for davs, weeks, months, or even years 

In many volcanoes, there occur alternations of explosive and 
effusive action Vt the beginning of each eruption steam at 
high tension escapes from the vent, and explosions, following 
one another m rapid succession discharge into the atmosphere 
vast quantities of fragmental materi ds As the violence of the 
paroxysm gradually dies out, however, the explosive is susceeded 
by effusive action, and streams of lava flow out m the place of 
the violent discharges of scoriie and dust 

But in some volcanoes the action is almost alwa>s explosive , 
thus the great volcanoes of lava appear to be wholly built up of 
loose materials projected from tlicir vents, there being few if any 
examples of lava streams In other volcanoes, like those of the 
Hawaiian Islands, the action appears to have been almost 
entirely effusive , and the volcanic cones are built up of thick 
slieets of lava, piled one on the top of another, w ith haj-dlv any 
layers of scon® or dust between them 

A striking example of effusive volcanic action on the grandest 
scale was afforded to geologists m 178d, when, at Skaptar Jokul, 
in Iceland, a great fissure opened, on which only some small 
scoria cones were thrown up, but the two streams of lava issuing 
from tins vent were m bulk equal to the mass of Mont Blanc ! 

A centiuy later, m 1888, the most violent explosive eruption on 
record occurred at Krakatoa in the Sunda Straits There was 
no outflow of lava, but pumice and dust were thrown to the 
height of sixteen miles into the air, the pulsations o£ the atrao 
sphere travelled two and a half times round the globe, v lolent 
waves were produced in the ocean, which were registered on the 
tide gauges all over the world, and ejected materials were 
scattered over a circle with a radius of 1,000 miles ' 

flxternal form, otraotiire, and origin of voloanio Moan- 
talni— In the case of Monte Nuovo m Southern Italy (see 
fig 647), we have a volcanic cone, more than four hundred feet 
in heiglit, with a large and deep crater at its summit, which waa 
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formed by a 'jerios of explosive outbursts, lasting for three days, 
n the year 15d8 The oiigm of the great volcanic cones with 
crater shaped summits has been explained m the ‘ Principles of 
Geology’ (chaps xxiii to xxvu), whore Vesuvius (see fig 648), 
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Etna, Santorin, and Barren Island (see fig 648), are described 
The more ancient portions of those mountains or islands, formed 
long before the historic period, exhibit the same external features 
and mternal structure as those of the extinct volcanoes of still 
higher antiquity. All these volcanoes were produced by the 
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same agencies which cause modern ^olcanlc eruptions, and 
their materials belong to the same groups of rocks and only differ 
slightly m physical characters and m chemical constitution 
Ancient and Modern Cones and Craters — In regions 
where the eruption of volcanic matter took place in the open air, 
and whcie the surface has never since been subjected to great 
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aqueous denudation, cones and craters abound Manv hun 
dreds of such cones still remain in Centiul France, m the 
ancient proMiices of the Auvergne, Vela), and the Vivarais, 
where the) form chains of lulls Altliough ])robably none of 
the eruptions havi happened within the historical era, the 
ancient streams of lava may still be distinctly traced, descending 
from iiianv of the ciatois, and following the lowest levels of the 
existing vallevs (see fig 050) 

lu 051 
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The origin of the cone and crater of the modern volcano is 
now well understood, the growth of many ha\ ing been watched 
during volcanic eruptions A chasm or fissure first opens in the 
earth, from which great vohnnes of steam are evolved The 
explosions ore so violent as to splmter the rocks m which the 
volcanic vent is opened, and hurl up into the air fragments of 
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broken stone, parts of which are shivered into minute portions 
This stone is, m part, the rock which is penetrate I by the up 
rushing steam, gases, and hot water, but mainly the volcanic 
rock ivhich had been gradually forced up in a molten state 
The showeiing down of the various ejected materials around 
the orihce of eiuption gives use to a conical mound, m 
which the successne envelopes of ash and scoinc foim layers, 
dipping on all sides from a central avis (see lig 051) In the 
meantime a hollow, called a cratei, has been kept open in the 
middle of tlie moimd b> the continued passage upwards of steam 
and other gaseous fluids After a while, molten rock, quite 
liquehed (lava), usually ascends through the vent by which 
the gases make their escape Although extremely heavy, this 
lava 18 forced up b\ tlie expansive power of entangled gaseous 
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fluids and steam Quantities of the lava are also shot up into 
the air, and burst into minute fragments called ash Blocks of 
solid lava are ejected also, being more or less sconaceous The 
lava sometimes flows over the edge of the crater, and thus 
thickens and strengthens the sides of the cone , but sometimes 
it breaks down the cone on one side (see fig G50), and often it 
flows out from a fissure at the base of the hill, or at some dis 
tance from its base Tlie lava m cooling assumes a chnkery or 
sconaceous appearance 

Small cones made up of scorise thrown out in a paisty condi 
tion may accumulate into steep sided, bottle shaped, or chimney 
like, piles (see fig 652) , ordinary ‘ cinder ’ or scona cones have 
a slope of about 3’)°, ‘tufi cones’ are formed of lapilli, puz 
zolana or dust, which, when mmglod with water, flow freely 
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and accumulate to form hills with a slope of about 17° Lava* 
cones vary m form according to the liquidity or viscosity of the 
material, we have steep sides, massive ‘mamelons,’ like the 
phonolite-volcaiioes of Bohemia (sec hgs 65d 654, 663), or the 
domitic ‘ puys of Auvergne on the one hand , or greatly flat 
tened domes with a slope of only a few degrees, as in the 
Hawaiian volcanoes on the other hand 
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Xnternal Struotore of Volcanic Coneo - The mode of origin 
of volcanic cones, as above described, is admirably exhibited when 
such cones have been partially swept away by the action of the waves 
of the sea or of rivers We then find that the Scoria or ‘ Cinder ’ 
cones, like those of Auvergne, are composed of materials often ex 
hibiting a most perfect stratification , the thin layers of which the 
cones are made up slope outwards and inwards, as shown in the dia 
gram (fig 661, p 469) The degree of slope of the materials varies with 
their nature, rough cindery masses lying m steeper slopes than the 
finely comminuted matter, which, mingled with water, often flows as 
mud to consolidate as tuffs Lava cones aie formed by the successive 
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outwellmg of the liquid materials (see fig 654) If this be viscous 
we get steep aided domes like those of Bourbon, Bohemia, &c , if the 
lava be ver> liquid, exceedingly depressed or flat domes are produced 
like the volcanoes of Hawaii, which have a slope of only 4° The 
majority of volcanic cones are made up of alternations of lava and 
fragmental materials, and these are known as compound cones By 
continual ejections fiom a vent, volcanoes niaj gradually grow up 
into conical mountains manj thousands of hot high like Cotopaxi 
(fag fai')) The volcanoes of Hawaii use to a luiglit of 40,000 feet 
from till ocean floor on which they stand When ‘lateial’ oi 
parasitic il ’ erujitions occm on the sides of a volcano, it ina> losi 
its legulai conic il loini and assume cliai uUis liki those cxhibitc d 
b} Etna, the 11 inks of which aie covered by pai isitical cones 
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Oriffln Of Volcanic Craters There is no doubt that thi 
craters of volcanic cones are formed by violently txplosive oi 
paioxysmal outbursts In fag 650 we give a copy of Mr Scrope s 
drawing of the crater formed at the summit of Vesuvius by the great 
eruption of 1H22 , it was moie than 1,000 teet in diameter, and at 
least 1,000 feet deep At an earlier date, as shown by the drawings 
of Sir William Hamilton, the cone rose to a much groatei height, 
and within the crater small cones were formed, by gentle and long 
continued eruption (see fig 057) Since the great paroxysm of 
1822 the vast crater has been filled up and the cone re formed, though 
constant changes have taken place in the size and form of the sum 
rait crater, and in the number of small cones within it The tendency 
of the violent eruptions is to produce large ciatcr', truncating the 
summit of a volcano , but gentle and long continued eruptions build 
up a cone within the ciater, the sides of which may in the end 
become confluent with those of the great mountain itself, the height 
of which thus becomes greatly increased This arrangement of 
cone withtn crater is very characteristic of volcanic mountains 
Sometimes craters are formed of enormous dimensions , when com 
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posed of tuffs or other materials impermeable to water they give nse 
to circular crater lakes like fig 658 There are crater lakes m Italy, 
(Bracciano and Bolsena), which are respectively ten and twelve 
miles in diameter It was held by Von Buch and Elie de Beaumont 
that craters were formed in \olcanoes owing to the mountain being 
pushed up like bubbles and bursting at the top But this ‘ theory of 
elevation craters,’ as it was called, has now been completely aban 
doned by geologists At the same time it must be remembered that 
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in some ciaters, like that of Kilauea in Hawaii, the lake of lava at the 
bottom may undermine the sides, and thus tend to enlarge the area 
of the crater 

Volcanoes are occasionally submarine, like the volcano thrown 
up in the Mediterranean and known as Graham’s Island (see fig 659), 
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and build their way up to the surface, being exposed to the action of 
waves and tides Some volcanic eruptions, both at the present day 
and in the remote past, took place along lines of fracture of the earth’s 
crust, and lava welled out, and sheets and flows were produced on a 
grand scale with the formation of only small cones Ancient vol 
canoes were as large as the modern, and as active They show by 
their Unear arrangement that they were formed on lines of fissure 
(see fig 660), and followed the law of ocournng on areas which are 
undergoing elevation Denudation has, in many instances, worn the 
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old volcanoes nearly to the surface of the earth, yet some of the remains 
of the central vent and of the sloping layers around it enable the 
original dimensions to be estimated All through the earth’s history, 
internal heat, and the presence of water in deeply seated rocks, have 
given use to vokanic action 

Volcanic mattci, in the form of lava, buists foith under certain 
circumstances through the body of the volcanic cone or if it does 
not reach the outside, it solidifies within, and is called a dyke 
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Similar outbursts occurring beneath the surface of the earth cause 
masses of volcanic rock to bo injected through and between the sedi 
mentary strata 

By denudation wc have exposed to our view great masses of 
material which have formed the centres and lower portions of volcanic 
cones Such rudiments of volcanoes were called by Dai win the 
‘ basal wrecks ’ of volcanoes Among the lava masses injected into 
volcanic cones and the strata underlying and surrounding them, we 
recognise djkes, intrusive sheets (or ‘ sills’), laccolites (or lenticular 
intrusions), and the still larger bosses out of which whole mountains 
may have been carved by denudation 

Volcanic Dyke* —The leading varieties of the volcanic rocks, 
basalt, andesite, and rhyolite, for example, are sometimes found in 
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dykes penetrating stratified and unstratified formations, and these 
are examples of mtrusiie or sttbsequent volcanic ejections Fissures 
have already been spoken of as occurring in all kinds of rocks, some 
a few feet, others many yards in width If such a parallel sided 
fissure be filled with molten rock, or lava, the material on consolida 
tion forms a wall like mass known as a dyke In volcanic cones it is 
sometimes possible to tiace the actual connection between a dyke 
filling a fissure in the side of the volcano and a stream of lava which 
has flowed out at the surface (see fig 662) It is not uncommon to 
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find such dykes passing through strata of soft materials, such as tuff, 
scorite,or shale, which, being more easily removed by denudation than 
the volcanic rock, are often washed away by the sea, rivers, or ram, in 
which case the dyke stands out prominently on the face of precipices, 
or on the level surface of a country, as may be seen in Madeira (see 
fig b63) and in many parts of Scotland 


Dyke iii valky iK'ar Brazeu Tleaij, Madtira (From a drawinj. bv 
Basil Hall ) 

In the islands of Arran and Skye, and in other parts of Scotland, 
where sandstone, conglomei ate, and othei hard rocks aie tiaveised 
by lava dykes, the converse of the above phenomenon is also seen 
The dyke, having decomposed moii lapidly than tlie containing rock, 
has once more left open the original lissuie, often foi a distance of 
many yards inland fioiu the sea coast Thou is yet anothu case, 
by no means uncommon in Arran and other paitsof Scotland, when 
the strata in contact with the dyke, and foi a eeitain distance from 
It, have been hardened, so as to lesist the action ol the weathei mon 
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than the dyke itself or the surrounding rocks When this happens, 
two parallel walls of indurated strata are seen protruding above the 
general level of the country and following the course of the dyke 
In fig 664 a ground plan is given of a ramifying dyke of dolente, 
cutting through sandstone on the beach near Kildonan Castle, in 
Arran The larger branch vanes from 6 to 7 feet in width, which 
wiU afford a scale of measurement for the whole 
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Some volcanic dykes may bo followed for leagues, uninterruptedly, 
in nearly a straight direction (like the Cleveland dyke, which runs 
from the Yorkshire coast right through the south of Scotland), showing 
that the fissures which they fill must have been of extraordinary 
length 

The materials of the dykes or flows which have been injected 
through and between strata were hot, pasty, and full of water and 
gases undei pressure, and they acted upon and locally metamoiphosed, 
more or less, the stiata on either side and above and below them 
The volcanic matter, moreover, became more or less crystalline on 
cooling Usually, the sides and surfaces of such intrusive masses 
have a finer crystalline texture than the middle part, and occasionally 
the surfaces in contact with the stiata are actually glassy Columnar 
structure (the columns being at right angles to the walls of the dyke), 
spheroidal structure, .and other forms of jointing occur in dykes 
Some dykes an of composite character, different kinds ot rocks 
entering into their composition In certain cases i segregative actum 
appears to havt gone on within the molten material filling a dyke, 
and thf sides and centre thus come to be formed of rocks of different 
chemical composition In other cases a dyke has been reopened, and 
the fissure or fissures formed in it may be injected with mateiials 
of a different composition from that of the original dyke 

Rocks altered by volcanic dykes - Contact Mptamorphum 
After these remarks on the foim and composition of dykes them 
selves It may be well to describe the alterations which they some- 
times produce in the rocks in contact with them The changes are 
usually such as the heat of melted matter and of the entangled 
steam and gases might be expected to cause In some instances, 
however, little or no change happened in the surrounding rocks 

Newytld Dyke cutting tnrough sJiah —A striking example 
of contact metamorphism, near Plus Newydd, in Anglesea, has been 
described by Henslow The dyke is Idl feet wide, and consists of 
dolerite Strata of shale and argillaceous limestone, through which 
it cuts perpendicularly, are altered to a distance of 30, or even, in 
some places, of 35 feet from the edge of the dyke The shale, as it 
approaches the igneous lock, becomes gradually more compact, and is 
most indurated where nearest the junction Here it loses part of its 
laminated structure, but the bedded character is still discernible 
In several places the shale is converted into hard porcellanous 
jasper In the most hardened part of the mass, the fossil shells, 
principally Produch, are nearly obliterated , yet even here their im 
pressions may frequently be traced The argillaceous limestone under 
goes analogous changes, losing its original texture as it approaches 
the dyke, and becoming granular and crystalline But the most extra 
ordinary phenomenon is the appearance in the shale of numerous 
crystals of analcime and garnet, which are seen to be confined 
to those portions of the rock affected by the dyke Some of the 
garnets contain as much as 20 per cent of lime, which they may 
have derived from the decomposition of the fossil shells The same 
mineral has been observed, under very analogous circumstances, 
in High Teesdale, by Professor Sedgwick, where it also occurs m 
shale and limestone, altered by basalt 

Antrim Dyke cutting through chalk —In several parts of the 
county of Antrir^ m the north of Ireland, Chalk with flints is 
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traversed by basaltic dylvcs The chalk is there converted into 
granular marble near the basalt, the change sometimes extending 8 
or 10 feet from the wall of the dyke, being greatest near the point of 
contact, and thence gradually decreasing till it becomes evanescent 
‘ The extreme effect, says Dr Berger, ‘ presents a dark brown 
crystalline limestone, the crystals running in flakes as large as those 
of coarse primitive (metamoriihic) limestone , the next state is 
sacchanne then fine giained and arenaceous , a compact variety, 
having a porcellanous asjiect and a bluish gre\ colour, succeeds this, 
towards the outer edge, becomes jellowish white, and insensibly 
graduates into the unaltered chalk The flints in the altered chalk 
usually assume a giev yellowish colour’ All traces of organic 
remains are effaced in that part of the limestone which is most 
crystalline 

The annexed drawing (hg fih'i) represents three basaltic djkes 
traversing the chalk, all within the distance of 90 feet The chalk 
contiguous to the two outer dykes is converted into a findy granular 
marble, m m, as are the whole of the masses hetwicn the outer dykes 
and the central one In sonu cases tlu changi undergone by the 
chalk IS of a chemical nature, and the rock, besides being indurated 
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Basaltic <1^ k«i tu clialk in Island of Rati Jin, Antrim 
(iround iJan as MH.n on tlu Im'ir Ii (Con>lH ire and Hiukliuid ) 

and crystallised, is also dolomitised Th( complete contrast m the 
composition and colour of the intrusive and invaded rocks in these 
cases renders the phenomena peculiarly clear and interesting 
Another of tlie dykes of tlie north east of Ireland has converted a 
mass of red saiidhtoric into hoinstone By another, the shale of the 
Coal measures has been indurated, assuming the character of flinty 
slate , and at Portiush the shaly clay of the Lias has been changed 
into flinty slate which still retains numerous impressions of 
Ammomfes In the iniancy of geological scunoe the aqueous origin 
of basalt was maintained by Werner and his disciples They 
mistook the altered Lias clay of Antiim for basalt, and refeired to 
the occurrence of AmmomUs in the rock as a proof that fhis lock 
could not be of igneous origin 

It might have been anticipated that beds of coal would, fiom 
their combustible nature, be affected in an extraordinaiy degiee by 
the contact of melted rock This is seen to be the case in one of 
the dolentic dykes of Antrim, which, passing through a bed of 
coal, reduces it to a cinder for the space of 9 feet on each side At 
Cockfield Fell, in the North of England, a similar change is observed 
Specimens taken at the distance of about SO yards from the dyke 
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are not distinguishable from ordinary pit coal , those nearer the dyke 
are like cinders, and have all the character of coke, while those close 
to it are converted into a substance resembling soot 

It 18 by no means uncommon, however, to meet with similar rocks 
almost wholly unchanged in the proximity of volcanic dykes This 
great inequality in the effects of the igneous rocks may often arise 
from an original difference in their temperature, and in the nature of 
the entangled gases such as is ascertained to prevail in different 
lavas, or in the same lava near its source and at a distance from it 
Sometimes the extreme alteration produced near a volcanic dyke may 
be ascribed to tlu circiimstince that the fissure now filled with solid 
rock may have constituted a channel through which enormouK quan 
titles of molten material have tiowed up to the surface duiing vast 
periods of time 

Znterbedded or Contemporaneous Flows —Lava streams 
— consisting of volcanic rock which has flowed ovei the surface and 
altered the underlying locks- are scoriactoiis m tluirupper part, and 
usually at then lowei sui face also Sedimentary deposits accumulated 
upon the flows are of course not found to be altered physically or 
chemically by the contact, for before they were deposited the volcanic 
flow had cooled Such flows are said to be inteibedded They may 
have occurred during the progress of the deposition of strata all 
around, during any particular geological period, and the fossils 
of the bed below and above the volcanic flow may be of the same 
species Hence the flow thus mterbedded is said to be contem 


poraneous 

Interbedded or contemporaneous flows oecnr as compact sheets 
or as fragmental masses, and they conform to the plane of the 
underlying stratum They aic not found to have broken into oi 
altered the overlying strata m any way Both of their surfaces 
are sconaceous or vesicular, and this peculiarity may extend through 


the whole sheet Beds of tuft and 
other fallen mateiials may bt 
interstratifaed with the flows 
The fragmentary volcanic 
rocks of the present daj , such as 
ashes and blocks, fall on the 
surface and do not influence 
the underlying strata In past 
geological periods the tuffs and 
ash t^dsnnd the bn ccias similai ly 
covered other rocks in vast tb 
posits, more or IcbS stiatified, and 
no metaraorphisni resulted 
In the illustration (fig fibh) 
from the Lower Carboniterous 
rocks of Linlithgowshire, a black 
shale (1) IS at the bottom, and h is 
the remains of terrestiial plants , 


Fig aeo 



Iiiteistiatiaed \olcmic tuff and shale 
(After ( eiku ) 


and there are other shales, nmn 

bered 3, 6, 7, 9 Between them aie bands of pale yellowish volcanic 
tuff with lapilh 01 ejected pieces of an older lava (Nos 2, 4, 6» o) 
A coarse agglomerate tuff lies on the top of all (No 10) 

The distinction between \ olcanic materials which hav e accumnJatea 


t 
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on land and on the sea floor respectively is often not very easy Tuffs 
or volcanic ashes collect on the floor of the Mediterranean, and are 
dredged up with the living mollusca, and lava currents have, during 
historical times, flowed into the Bay of Naples, and have become 
columnar in their structure Intrusive 
volcanic sheets are distinguished from 
contemporaneous or intorhedded lava 
flows by not exhibiting scoriacoous 
upper and undei surfaces, by their 
affecting by contact mctamoiphism 
the stiata abate as well as below them , 
by their usually more crystalline and 
less scoriaceous character, and by the 
fact that they olttn arc seen to cut 
lerO'^s ind to send offshoots into sm 
loundmg bids 

Columnar and globular struc- 
ture Om of the characti nstic forms 
assuim d by volcanic rocks is the coliim 
nar.astiucturr often displayed in a very 
striking maimer by basaltic lavas The 
columns are sometimes straight at other times curiously cuivi d and 
twisted In section they are polygonal (with a tendency towards 
hexagonal foims) and iliiy are often divided longitudinally by eijui 
distant joints, which sonu times exhibit eui \ < d surface s of articulation 
in ceitam rises the angles eif one division of a column aie found to 
project and to foi in process! s which ht into socke ts in tin nljoinmg du i- 
sions (see hg h()7) Columns of different varietun often oecui in the 

FiK (,68 



Lava stream cut through m tlie valley of the Anhcht witli tliick vertical 
columns in its lower part, ami thinner eoluiiiu'e iireLiilurlv ilisiKised, m its 
upp( r i«irt ( Aft( r Seroja, ) 
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Basaltic column thviloil In 
ourvcil I rosv mints vml with 
hall iiiil‘ock(t irti< 111 itions 


same lava stream, the thick straight articulated columns being found 
in the lower, and the smaller curved forms in the upper portion , and 
the line of junction between the two kinds is in many cases very 
distinctly marked (see fag 668) It is this peculiar combination of 
columns of different kinds which gives rise ty the beautiful and 



CH XXXI ] ITS NATURE AND ORIGIN 481 

well known features of the Isle of hUffa , it is also seen m many 
lavas of more recent date 

It being assumed that columnar rock has consolidated from a fluid 
state, the prisms are found to be always at right angles to the cool 
tng surfaces If these surfaces, therefore, instead of being either 
perpendicular or hoiizontal, are curved, the columns ought to be 
inclined at every angle to the horizon, and there is a beautiful 
exemphcation of this phenomenon in one of the valleys of tlie 



Lavaot F i Coupe d Ajzic near \ntrai/we m the D(i»utmpnt of Anholio 


Vivarais a mountainous district in the South of France, where, in 
the midst of a region of gnuss, a geologist encounters unexpectedly 
bfcveral volcanic cones of loose sand and scoria' From the crater 
of one of these cones, called La Coupe d’Ay/ac, a stream of lava 
has descended and occupied the bottom of a narrow valley, except at 
those points where the river Volant, 
or the torrents which join it, have 
cut away portions of the solid lava 
The accompanying sketch (fag 669) 
represents the remnant of the lava 
at one of those points It is clear 
that the lava once failed up the whole 
valley to the dotted line d a , but 
the river has gradually swept away 
all below that line, while the tribu 
tary torrent has laid open a trans 
verse section , by which we perceive, 
in the first place, that the lava is 
composed, as is usual in that district, 
of three parts the uppermost, at a, 
being scoriaceous, the second, b, 
presenting irregular prisms of small 
diameter, and the third, c, with 
regular columns of great thickness, 
which are vertical on the banks of 
the Volant, where they rest on a 
horizontal base of gneiss, but which are inclined at an angle of 46° 
at g, and are nearly horizontal at /, their position having been 
everywhere determined, according to the law before mentioned, by 
the form of the original valley 



Columnar basalt in the Vicentin 
(Portl* ) 
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In fig G70,on the preceding page, a view is gnen of some of the in 
dined and curved columns which present themselves on the sides of 
the valleys in the hilly region north of Vicenza, in Italy, and at the foot 
of the higher Alps Unlike those of the Vivarais, last mentioned, 
the basalt of thi*? countr} was evidently submarine, and the present 
valleys have since been hollowed out by denudation In vertical 
dykes, as has been already remarked, the columns are horizontal , 
they start from the outer walls of the dyke, and meet in an irregular 
line towards its centre 

The columnar structure is by no means peculiar to the \olcanio 
rocks of the basaltic type , it is also observed in trachyte, and other 
more acid rocks, although in these it is rarely exhibited in such 
regular polygonal forms, and never with the ball and socket joints 
which form so conspicuous a feature in many basaltic columns It 
has been already stated that ba'^altic columns are often divided 
by cross joints Sometimes each segment, insk ad of an angular 


Fig f.7i 



Ba-*ltic pillar of the Kojsgrottc Bertruh BaiUn halfviaT Ixtwdn Tii\e mirl 
Cobh 117 Height of grotto from 7 to S fwt 


assumes a spheroidal form, usually produced by weathering, so 
that a pillar is made up of a pile of balls, usually flattened, as in 
the Cheese grotto at Bertrich Baden, in the hifel, neai the Moselle 
(fig 671) The basalt there is part of a small strtam of lava 
from *10 to 40 feet thick winch has proceeded from one of several 
volcanic craters, still extant, on the neighbouring heights 

In some masses of decomposing basalt, dolerite and oth( r 
volcanic rocks, the globular structure is so conspicuous that the rock 
has the appearance of a heap of large cannon balls According 
to M Delesse, the middle of each spheroid has been a centre of con 
traction produced by cooling , Professor Bonney has assigned the 
globular, 'curvitabular,' and other structures exhibited in volcanic 
rocks to the same cause To similar contraction we may attribute 
some cases of columnar structure in sedimentary strata, such as 
volcanic ash, shale and sandstone, which have been affected by the 
proximitj of volcamo or the ovprflow of lava streams 
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Scrope gives as an iJlustration of this structure a glassy rhyo 
htc or ‘ pitchatone-porphyry ’ m one of the Ponza islands, which rise 
from the Mediterranean, off the coast of Terracina and Gaeta The 
globes vary from a few inches to three feet in diameter, and are 
of an ellipsoidal form (see hg 
672) The whole rock is in a Fig 672 


state of decomposition, ‘ and when 
the balls have been exposed a 
short time to the weather, they 
scale off at a touch into numerous 
concentric coats, like those of a 
bulbous root, inclosing a compact 
nucleus The lamina? of this 
nucleus have not been so much 
loosened by decomposition , but 
the application of a luder blow 
will pioduce a still furthei ex 
foliation ’ This spheroidal stiuc 
tme may be also seen in volcanic 
ash at Burntisland and in many 
othei rocks , the perlitic struc 
ture, before referred to, is an t x 
ample of the same kind of action 
exhibited on a very minute scale 
in rocks of vitreous texture 

For further infoniiation on the 
nature of volcanic action, Scrope s 
‘ Vokanot s may be i oii',ultt d, and 
the, voluint on tin same subject in 
the ‘ Inteination il Siitutilic Series 



CHAPTER X\XII 

PRINLII’LFS ON WHICH THE CHRONOLOGIC VL CLASSIFICATION 
01 VOLCCNIC ROCKS IS BASED 

Vauations of mineral cliaiactei m the volcanic locks of dilfeient peuods— 
Not essential but due to alttiation — Age of lava flows and intrusions 
—Tests to bt applied to deteiiiiine relative age of volcanic masses- 
Sources of erroi in drawing inftrem es— Great value of fossils wlum 
found— Test by included fragments— Order m which volcanic rocks 
liave been erupted— Views of Buiisen, Duiocher, Richthofen, and latei 
authors 

Age of voloanio pbenomena —Having in the former part of 
this work lefeired the sedimentaiy strata to a long succession of 
geological periods, we have now to consider how far the volcanic 
formations can be classed in a similar chronological order 
The tests of relative age in this class of rocks are four 1st, 
superposition or intrusion, with or without alteration of the 
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rocks m contact , ‘ind, organic remains , drd, mineral characters , 
4th, included fragments of older rocks 

Besides these four tests it may be said, in a general way, that 
volcanic rocks of pre Palaco/oic and Paliro/oic age differ, m a 
certain degree, from those of the Secondary or Mesozoic age, 
and these again from the Tertiaiy and llecent Not, perhaps, 
that they differed originally in a much greater degree than the 
modern \olcanic rocks of one region, such as that of the Andes, 
differ from those of another, such as Jtah but because all rocks 
permeated by water, especiallv if its temperature be high, are 
liable to undergo a slow metamorphosis 

Although subaerial and submarine denudation removes, in 
the course of ages, large portions of the < ones and of the upper 
or more supeihcial products of volcanoes, \et these an some 
times preserved by the occurrence of subsidence, and the 
burying of the volcanic rocks under sedimentary deposits In 
this way the voleame structures niav be protected for ages , but 
even in this case they will not remain unaltered bccansi they are 
percolated bv watei, often at high temperatures, and charged 
with silica, iron salts and other substances in solution, whereb} 
gradual clianges m the constitution of the rocks are induced 
Every geologist is aware how often sihcitied trees occur m 
volcanic tuffs the perfect preservation of their internal structure 
showing tlidt they had not decayc'd before the petrifying 
material was supplied 

The porous and vesicular nature of a large part, both of the 
basaltic and traclivtic lavas, affirds eavities in which silica, 
calcite, and the zeolites are readily deposited The minerals of 
the zeolite family, which are so coiiimonly found in such 
amygdaloidal cavities, are closely iclated m eomposition to the 
felspars, but contain water Daubree and others have shown 
that the zeolites are formed by the action of percolating water 
upon the felsiiatliic ingredients of rocks From these con 
siderations it follows that perfect identity of appearance and 
character in very ancient and very modern voleame formations 
18 scarcely to be e vpected 

Are of Intrusive dykes or sheets -After the differences 
between intiusive and contemporaneous vulcanic flows have 
been considered (see p 47ff), there should be no difficulty in 
understanding the relation of the age of strata and of tlie flows 
which pass through or amongst or above them, especially when 
the strata are capable of being classified m definite geological 
groups or formations 

The nearly vertical dykes and the more or less horizon fal 
sheets must be younger than the strata they penetrated and 
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influenced physically and chemically How much younger does 
not always appear, because, for instance, a dyke which was formed 
m Tertiary times may come to the surface of the earth through 
Carboniferous strata which now form the surface rock there, 
denudation having worn away the overlying strata before or 
since the intrusion took place A careful sur\ey of the general 
distribution of the strata around the volcanic area, however, 
will often enable the question of age to be settled 

Age of interbedded or contemporaneous lava flows — 
The flow must he younger than tht stratum it overlies, and 
has nittcimoiphofied more or l(‘>s, ind older thin the stratum 
whicli rests on its scoriaceoiis upper suiface The fossils in the 
two sets of strata rletermmc then age and the rehtive antiquity 
of tiic flow Tiic prtseute of similar s[iecits in the two sets of 
strata proves the flow to have been truly contemporaneous, for 
the volcanic outburst was evidently only an episode in the history 
of the pt nod 

The hnding of vtiy different species of fossils in the two sets 
of strata leads to a less definite conclusion ri girding the igi of 
the flow, which ma> hoof an> age between the igcsof the undei 
Ijing and overlying beds 

In the annexed hgnre (fig 07:1) a flow, 6, is pheed mider D, 
between the strata a and c of the f’arboniferons formation It 
appears to b( interbedded and contemporaneous J3ut both the 
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strata a and c have been more or less altered by it, so that it 
was injected subsequently to the deposition of both of them 
Under F, the same flow covers ei, having pierced it and baked 
it on the top Hence this flow is certainly younger than a 
We ma}, however, be easily deceived in supposing the vol 
came rock to be intrusive, when m leality it is contempora 
neous , for a sheet of lava, as it spreads over the bottom of 
the sea, cannot rest everywhere upon the same stratum, either 
because these have been denuded, or because, if newly thrown 
down, they thin out m certain places, thus allowing the lava to 
cross their edges Besides, the heavy igneous mass while fluid 
will often, as it moves along, cut a channel into beds of soft 
mud and sand Suppose that the submarme lava F (fig 674) has 
come in contact m this manner with the strata a, d, c, and that 
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after its consolidation the strata d, e, are thrown down in a 
nearJ^ horizontal position, jet so as to he unconforniahl^ to F, 
the appearance of subsequent intrusion will here be complete, 
altliou/rh the lava is in fact con 
temporaneoiis Wc must not, 
therefore, hastily infer that the 
rock F IS intrusive, unless we 
find the overhmpf strata d, e, to 
have been altered at their )unc 
tion as if bj hi at 

The test of u'^^e bv siiperposi 
tion is stiictlj a]»ph(able to all 
stratified volcanic tuffs according? to the rules alreadv explained 
111 the case of sediinentarv deposits (sec pp 128, 120) 

If masses of volcanic rock inteicalated among strata have 
cvidentlj participated in the movements that have produced the 
ciirvatuns ind frittuics of the strata the volcanic masses oven 
if intrusive in origin, must cleailv be of mon ancient date than 
the pel lod when the movements that have iffcctid the wliole 
senes of deposits took place 

Teat of age by organic remains \\c h ivc seen how in 
the vicimtj of active volcanoes, scorn piirmce fine dust, and 
fragments of rock are thrown iij) into the air and then 
showered down upon the land, or into neighliouring lakes or 
sc is In the tuffs so formed, shells corals, or anj other durable 
organic bodies whieh maj happen to he strewn over the bottom 
of a lake or sea, will be embedded, md thus continue as per 
manent memorials of the geologic il period when the volcanic 
eruption occurred Tufaeeous strata thus lormed m the neigh 
bourliood of Vesuvius, and Stromboh and other volcanoes 
now 111 islands or near the sea mav give mforniatinn eif the 
relative age of tlitse tufis at some remote future period when 
theactivitv of the^se mountains is extinguished evidence of 
this kind we can establish a coincideiue in age between volcanic 
rocks and the different PaJao/oie, Secondary, and Tertiary 
fossiliferous strata 

The tuffs alluded to may not alvvajs be marine, but may 
include, in some places, fre shwater shells , m others, the bones 
of terrestrial quadrupeds The diversitj of organic remains in 
formations of this nature is perfectly intelligible, if we reflect 
on the wide dispersion of ejected matter during eruptions, such 
as that of the volcano of Cosegiuna, in the province of 
Nicaragua, January lU, 1885 Hot cinders and fine scon® 
were then thrown up to a vast height, and covered the ground as 
they fell to the depth of more than 10 feet for a distance of 
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8 lea^ies from the crater in a southerly direction Birds, 
cattle, and wild animals were scorched to death in great num 
hers, and buritd in ashes Some \okanic dust fell at Chiapa, 
upwards of 1,200 miles, not to leeward ot the volcano as might 
have been anticipated, but to windward, a striking proof of a 
counter curient in the upper region of the atmosphere , and 
some 01 Jamaica, about 700 miles distant to the north east 
In the sea, also, at the distance ot 1,100 miles from the point 
of eruption. Captain Lden of the ‘Conway sailed 40 miles 
through lloating pumice, unoug winch were some pieces of con- 
siderable si/e The importance ot stud>ingtht fossils contained 
m the strata hem ath and above contemporaneous flows has been 
already pointed out 

Te»t of a^e by mineral composition - As sediment of 
homogeneous composition, when discharged from the mouth of 
a laige ri\cr, is otten deposited simultaneously over a wide 
aiea, so a particular kind of lava flowing from a crater during 
one eruption ma;) spicad o\ci ui evlcnsivc di'^tiut , thus mice 
hnd, m 178d, the melted matter pouring from bkaptai Jokul, 
flowed m streams in opposite directions, ind tormed i con 
tiiiuous mass, the extreme points of which were 90 miles distant 
trom each other Tins onoimous cunent of lava varied m 
thickness from 100 fei t to 600 feet, and in breadth ftom that 
of a narrow ricirgoigc to 15 miles ^ow, if such a mass 
should afteiwaidsbc divided into sepaiatc fiagmentsby denu 
dation, we might still perhaps ulentity the detached portions 
b> their simihntv in mmeial composition Nevertheless, this 
test will not ahead's avail the geologist, for, although there is 
usually a prevailing chaiacter m lava emitted during the same 
eruption, and even in the successive currents flowing from the 
same volcano, still, m many cases, the different parts even of 
one lava stream, or, as before stated, of one continuous mass of 
lava, vary much m mineral composition and texture 

Teit by included i^af ments. — here the evidence of 
superposition alone would be insufhcient, we may sometimes 
discover the relative age of two sets of volcanic rocks, or of an 
aqueous deposit and the volcanic rock on which it rests, b} find 
ing fragments of one included in the other It is also not 
uncommon to find a conglomerate almost exclusively composed 
of rolled pebbles of lava, associated with some fossiliferous 
stratified formation m the neighbourhood of igneous rock masses 
If the pebbles agree, generally, in mineral character with the 
latter, we are then enabled to determine its relative age by 
knowing that of the fossiliferous strata associated with the con 
glomerate The origin of such conglomerates is explained by 
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observing the shingle beaches composed of pebbles of igneous 
rock m modern volcanoes, as at the base of Etna 

Order of appearance of different Toloanlo rooke. — In 

Auvergne, the Eifel, and other countries where acid and basic 
lavas are both present, the acid rocks are/or the most part older 
than the basaltic These rocks do, indeed, sometimes alternate 
to some extent, as m the volcano of Mont Dore, m Auvergne , and 
in Madeiia, acid rocks overlie an older basic series , but the acid 
rock occupies more generallv an iiiicrior position, and is cut 
througli and o\oifloMtd b\ basalt It seems that in eacli region 
where a long series of eruptions have otdirred, the lavas con 
taming quartz and acid felspar have been hrst cmittid, and the 
escape of the mort basic kinds has followed 

^ on RRhthofon,\vhoh isgivcn the subjtct oftlie siictissioii of 
volcanic materials in Noith \merica and Europe great attention, 
believed that the volcanic rocks might be arranged in five groups, 
and that their appearance has been m the same order all over 
the world -1, Prop^lite, 2, Andesite, d, Trach>te, 4 Khyo 
hte , '5, Jiasalt Basalt, he affirmed, is alvvavs tht last of a serits, 
although some of the oth( r groups m iv not have been present 
Th( explanation of the eniption of acid volcanic materials m 
the hrst instance, and of basic rocks subsequentlv, ma\ be that 
—as suggested by Bunsen, Durochcr, and later authors a 
differentiation of molten materials within the earth’s crust 
may take plac(, and the upper and lighter materials may be 
ejected before the lower and denser oms 


CHAPTER XXXIII 

VOLCANIC KOCKS Ot CVINOZOIC AOF 

The latest exhibitions of volcanic eneigy in the British Islands—The 
thermal sppngs of Bath, Ac — Tertiary volcanoes of the west of Scot 
land and the north of Ireland— First perioii of eruption —Second 
period of eruption— Third period of eruption — Tt rtiary volcanic rocks 
of other parts of Europe— VesuviUh— Auvergne— Newer Pliocene vol 
canoes of Italy— Older Pliocene volcanoes of Italy and the Eifel— 
Oligocene and Miocene volcanoes of Auvergne and the Eifel— Eocene 
volcanic rocks of Monte Bole a— Tertiary volcanic rocks of the Atlantic 
Islands— Of India- -The United States and Australia 

ezhibltlonf of voloanio aotlTity In the Brltlth 

Iflnadi.— We shall now select examples of contemporaneous 
volcanic rocks of successive geological periods, to show that 
Igneous causes have been in activity in all past ages of the world 
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They have been perpetually shifting the places where they have 
broken out at the earth’s surface, and we can sometimes prove 
that those areas which are now the great theatres of volcanic 
activitv were m a state of perfect tranquillity at remote geological 
epochs , while, on the other hand, in places where at former 
periods the most violent eruptions took place at the surface and 
continued for a great length of time, there has been an entire 
suspension of igneous action m historical times The most 
recent volcanic rocks in the British Islands are those occurring 
in the Hebrides and the North of Ireland, and they rest upon 
strata containing Upper Chalk fossils They are products of 
three more or less distinct periods of eiiiption, winch all cleirly 
belong to the Tertiary cia, but m the absence of intercalated 
strata containing marine fossils it is not possible to determine 
their exact position in the geological series The lavas of the 
second period of eruption are found alternating with clays con 
taming the leaves and other remains of terrestrial plants 
There seems to b( no reason to doubt that these belong to the 
Older Tertiary period, and some paltcoph} tologists are inclined 
to assign them to a very e irly part of that period Considering, 
however, the difhculty of exactly correlating geological deposits 
by the evidence of land plants only— especially when that 
evidence consists almost entirely of detached leaves— it is per 
haps not wise to do more than assign the first two periods of 
eruption to the Older Tertiary In the interval between the 
second and third periods of eruption great denudation took place, 
md there was probably a considerable lapse of time —so there is 
little doubt that the third period of eruption must have fallen 
within the Newer Tertiary period The fact that all traces of 
cones and craters have been removed, and that only very bulky 
lava streams, or the centres of volcanic cones of considerable size, 
have been preserved, pomts to the conclusion that a long period 
of time must have elapsed since these latest British volcanoes 
became extinct Of volcanic action we find no trace in the 
British Islands at the present day beyond ceitam hot springs, 
like that of Bath This spring has a constant temperature of 
from IIT"^ to 120'^ F , it contains about 144 grams per gallon of 
mineral matter in solution, and it has certainly flowed since 
Roman times As illustrating how much may be effected by 
slow continuous action, as contrasted with violent and spasmodic 
activity, it may be interesting to refer to calculations wbch have 
been made by Lyell and Ramsay concerning the effects pro- 
duced by the Bath sprmg m historical times It is probable that 
this comparatively small thermal spnng has relieved the earth’s 
crust, m 2,000 years, of as much heat as was dissipated in the 
• 
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eruption forming Monte Nuovo during three days m 1538 Nor 
was the actual amount of matter brought from the earth’s in 
tenor and deposited on its surface b\ the Bath spring, less than 
that resulting from the outburst that produced the Monte Nuovo , 
but while, m the latter case, the materials were piled up round 
the volcanic orifice, and leinam to our Mew, in the forinci they 
were carried into the Avon, from the V\on into the bevern, and 
by the latter delueied to the ocean 

The Tertlarj Voloanoee of the British Zeland* - The 

volcanic area stitlohing thiough the North of Ireland and tin inner 
Hebrides belongs to a petrographic piovince,’ which is prolonged 
northwards and includes both the Faroe Islands and Iceland While 
volcanic activity has died out in the southern part of this province, it 
18 still rife in the extreme north, within the island of Iceland It is 
possible that certain other rocks to the southward like the granite of 
Lundy Island and the phonolite of the Wolf’s Rock, mark a still fur 
ther extension of this area of volcanic activitv in Tcrtiai) times 

All thiough this ‘ pclrographual province ’ the dilleient kinds of 
locks eiupted exhibit lemarkablf analogies iniliuactei and in the 
order in which tlic> made then appeaiante lo use the ixpiessive 
term suggested b> I’lofessor Iddings, then is a marked coiisan 
guinity among the products emptied in different pails of the area 

Firat Period of Volcanic Activity The locks ijected dui 
mg the earliest p( nod were of two kinds First gual m isses of ande 
sitic lavas forming bulky lava streams and belonging to the class 
of more basic py roxene andesites (augite andesites and enstatite 
andesites) and the acid mica ande sites ami hoinblende andesites, 
these andesites varied too, not only intlnir minei iloguai consti 
tution, but in their struetun ,ind we hnd (vei> gradation fioni 
stony to glassy types 4s is so eomnion m ^iiveigne and other 
districts, we some limes fnul lav as of more basu types iiue basalts— 
alternating with the andesitic Hows Theie were five great centres 
within the district of the Innei Hebrides fiom which these andesitic 
lavas were erupted and aceumulateil to form the basal portions of 
volcanoes of vast dimension These centres of volcanic action are 
now found constituting the following districts St Kilda, the centre 
of the Isle of Skye, the Small Isles (Rum, Eigg Ac ), the peninsula 
of Ardnainurchan, and the Isle of Mull At each of these centres 
there is evidence of great solfataiic action having taken place, after 
the eruption of the andesitic lavas, and by this action the rocks in 
question were conveited into the altered fotras known as ‘ propylites ' 

It is interesting to note that, as pointed out by Von Richthofen, volcanic 
activity m the districts of Hungary and the Western Territories of 
North America commenced with the eruption of andesitic lavas and 
their conversion by solfatanc action into propylites In the North of 
Ireland, according to the researches of the geological surveyors of 
that country, the rocks erupted during this earliest period consisted 
mainly of basalts, which are found lying upon the eroded surface of 
the hard chalk (white limestone) of Antrim Towards the close of 
this first period, materials of highly acid character were intruded into 
these andesitic lavas and the underlying rocks, and these consolidated 
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to form the great masses of granite, micropegmatite, and quartzr 
felsite, found at each of these five districts, and also in the island of 
Arran These acid locks are seen to send numerous veins into the 
andesites and to include fragments of them The rocks erupted 
during the first period appear generilly to have suffered so much 
denudation before the ejection of the materials of the second period, 
that there is some lack of evidence concerning the amount of mate 
rial which aetuallj reached the surfaet as lavas Some masses of 
acid lavas (rhyolites), however, were cataiiily ejected in the Inner 
Hebrides at this time , and in Antrim time was foimed the beautiful 
volcanic mass ot Tardreeand Sandy Dries, consisting of rhyolites 
varying from vny coarse giained stoin types (Nevadites) thiough 
many spheiuiitic and banded varieties to gl issy forms (pitchstone 
porphyry) 

Second Period of Volcanic Activity The spcovd peiiod of 
volcanic eruption within the British Islands during the Tertiary 
period was marked bv the outflow of immense sheets of basaltic hva, 
which accumulated to a great thickness in places exceeding 2,U00 
feet These basaltic lavas stiikingly resemble the rocks of the same 
composition in tin Faiot Islands and Iceland, and like thim often 
exhibit the ophitic structnic (sec iig ()8S p IlH), thev only laicly 
altirnaU with otliei lavas of moio acid composition (andesitis) 
That those lavas were poured out fiom the sniu gi eat vents as gave use 
to tin older andesitic lavas (now conveited into piopylites) there is 
no room for doubting The basiltic lavas it is true, were of a more 
liquid character and spiead farther fioin the centies of eruption 
than did the ainhsitic streams, but in this respect they strikingly 
resemble the modern basalts of Iceland and the Sandwich Islands 
There is cleat e\ ule nee howevei, that, as in Ftna, the basalts were not 
always ejected from the central vents eif the gieat volcanoes of the 
period, but from paiasitical cones on the flanksof the mountains, and a 
little to the noithof Tobtunoiv in Mull, we find evidence of onebiieh 
parasitical cone of exceptional dimcnsionb, the plug of lava conseili 
diteil in the vent of the volcano being cleaily ti actable 

There is no evidence that anv of the. volcanic locks ejected during 
the fiist pi nod of activity were thrown out beneath the wateis of the 
ocean all tracer of tuffb with maime remains, being wanting That 
the locks of the sei ond period were of subaerial origin there can be 
no doubt, foi the basiltie lavas alternate with beds of tuff, rivei 
gravels beds of lignite and old soils (burnt to a led colour by the heat 
of the lava), with othei evideiicea of lacustiine, fluviatile, and t^^rres 
trial conditions Some of the lakes m Ireland and Scotland which 
existed during this peiiod contain deposits of a pisolitic ironstone, 
evidently formed by the action of organisms like those which at the 
present day form the lake ores of Sweden (see p 49) 

The plant remains found in the strata intercalated with the 
basalts of this second period consist of the living fern Onoclea sensi 
bihf, L , with forms of Thuja, Sequoia, Omqko, Platanus, Corylus, 

&c , similar to those found m beds alternating with the basalts of 
Greenland, and having decidedly American affinities The late Pro 
fessor Heer regaided this flora as a Miocene one, while Mr Starkie 
Gardner is disposed to refer it to the Montian or very oldest 
Eocene In the present state of our knowledge it is probably not 
safe to attempt any more exact correlation of these strata than is 
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involved in placing them in the Older Tertiary At the end of 
this second period of activity, the five great volcanoes of the 
Hebrides probably rivalled Etna in their dimensions 

Tbird Period of Volcanic Activity —The third period of 
eruption was characterised by a great variety of volcanic products 
Very acid rocks (rhyolites), with many different types of andesite 
and basalt, appeared in numerous sporadic outbursts usually thrown 
up to form lines of ‘pujs’ like those of Auveigne, radiating from 
the five great centres which had become extinct Most of the 
rhyolites appeared to have belonged to tlie class of soda rliyolites or 
quartz pantellerites, and these exhibit many interesting and glassy 
varieties The andesites also are sometimes represented by beautiful 
glassy (vitrophjTic) forms As a rule, it is found th it, owing to ex 
tensive denudation, the surface ejections from the youngest Biitish 
volcanoes have all disappeared, and we can study onl} tin fissures 
along which these eruptions took place -thfse, being filled with con 
solidated rock, constitute dykes of rhyolite, andesite, and bas vlt Such 
dykes of rhyolite, both stony and glassy, are found traversing the 
granites, and all the othei rocks in the Isle of Arran, and some 
of these belong to the class of ‘composite dykes’ (see p 477) 
Certain of the andesite dykes, like those of hskdale, and some of the 
basalt dykes like that of Cleveland, tan he traced cutting acioss 
rocks of all ages for more thin one hundied mihs, and thtst 
bear witness to the gnat length of the ehims of ‘puys which 
were formed on huts radiating from the gn it volcanoes of thi 
earlier periods of eruption 

In a few exceptional cases, where the volcanoes weie of larger 
size, more considerahlt relics have escaped denudation Thus at 
Beinn Shiaut, in Ardmunurchan, we find numerous lava streams, of 
both stony and glassv augite andesite, with great bt ds of volcanic 
tuff preserved undti these sheets of hard lava, tlu wiiole forming 
the ba&al relic of a by no means insignificant volcano In the 
Island of Eigg the lemains of two streams of glassy lava which 
have flowed in succtshion down the same valley, cut in tlie 
basalts of the second period of eruption, and covered beds of 
gravel derived from it, have been described by Hugh Miller and 
Sir Archibald Geikie Unfortunately the only organie remains pre 
served m this gravel are fragments of coniferous wood, which 
have been named Pimtes eiqgemis by Witham, so that the exact 
geological age of these latest volcanic rocks of the British Islands 
remains doubtful 


TERTIARY VOLCANIC ROCKS OF THE EUROPEAN 
CONTINENT 

lAten Bxtiibitioiit of Voloanio Activity in Burope— 

Besides the volcanoes of Iceland, there are at present five active 
volcanoes on the shores or islands of the European continent - 
namely Etna, Vesuvius, Stromboli, Vulcano, and Santorin But 
several submarine eruptions have occurred in recent years m the 
Mediterranean, and in various parts of Italy, Hungary, Germany, 
and fVanoe numerous thermal spnngs bear testimony to the fact 
that the igneous forces, though dormant, are not extinct in the area 
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One portion of the lavas, tufts, 
and trap dykes of Etna, Vesuvius, 
the island of Ischia, and the Lipari 
Islinds has been produced within 
the historical era, another and a 
far more considerable part origi 
nated at times immediately ante 
cfdent, when the waters of the 
Mediterranean wire alrtady in 
habited by tin i xisting spi i les of 
mollusea, but when certain species 
of Jllephant, Rhmociros, and other 
qnadrupid^, now extinct, inhabited 
Europe 

Vesuvius —In the ‘ Principle s 
of Geology ’ the history of the 
change a which the volcanic region 
of Campania is known to hive 
undergone during the last 2,000 
years has been traced The aggre 
gate effect of igneous o[)i rations 
during that pcrioei is far from insig 
mficant, comprising as it docs the 
formation and tlie repeated rtenn 
struction of the iiiorlcm cone of 
Vtsuvuis aiiiee the yuir 70, and the 
produet ion of several minor cones 
in Tscliia together with that of 
Monte Nueno in tiie jtar 15dH 
Lava cuneiits have also flowed 
upon the land and along the 
bottom of the sea, vole uiii sand, 
piimiee, and scorue have lx.eii 
sliowe re d down so abundantly that 
whole cities were bmied, tracts of 
the sea have been filled up or con 
verted into shoals, and tufaccous 
sediment has been transported by 
rivers and land floods to the sea 
There are also proofs, during the 
same recent period, of a pennanent 
alteration of the relative levils of 
the land and sea in several places, 
and of the same tract hiving, near 
Pu^/uoli, been alternately uphe ived 
and depressed to the amount of 
more tlian 20 fett In connection 
with these convulsions, there are 
found, on the shores of tin Bay of 
Baiai, reemt tufaieous strata tilled 
with articles fahricated by the hands 
of man, and mingled with marine 
shells 

It has also been stated, that 
when we examine this same region, 
it 18 found to consist largely of 
tufaceous strata, of a date anterior 
to human history or tradition, which 
are of such thickuess as to consti 
tute hills from 600 to more than 


2,000 feet in height Some of these 
strata contain marine shells which 
are exclusively of living species, 
others contain a slight mixture (1 
or 2 per cent ) of species not known 
as living 

The ancient part of Vesuvius is 
called Somma, ind consists of the 
remains of an older cone which was 
partly destroyed by the first historic 
explosion (see hg 04 H p 468) 

Auvergne — Although the 
latest eruptions in Tcnfril France 
seem to iiave long piec tiled the 
historical era, they arc so modern 
is to have i vtry intimate con 
nection with the present superficial 
outline of the country and with the 
existing valleys and nver couises 
Among a great number of cones 
with perfect craters, one called the 
Puy de Tartaret sent forth a lava 
current which t in be traced up to 
its < rater and which flowed for a 
distance of 13 miles along the 
bottom of the present valby to 
tiu village of Necliers, covering 
the illinium of tlie old valley in 
which were preserved the bones of 
an extint t species of horse, and of 
a lagornys and other quadrupeds 
all dosely all ltd to recc nt animals 
while the asbociatcd land shells were 
of stiecies now living, such as Cydo 
stoma elegans, Drap, Helix hor 
tenais, List , H nemorahSy L , 
H laptcida, Mull , and Clausiha 
rugosa, Drap That the current 
which has issued from the Puy de 
Tartaret may, nevertheless, be very 
ancient in reference to the events 
of human history, we may conclude, 
not only from the divergence of the 
mammalian fauna from that of our 
day, but from the fact that a Roman 
bridge of such form and t onstruction 
as continued m use only down to 
the fifth century but which may 
be older, is now seen at a place 
about a mile and a half from St 
Nectaire This ancient budge spans 
the river Couze witli two arches, 
each about 14 feet wide These 
arches spring from the lava of 
Tartaret, on both banks, showing 
that a ravine precisely like that 
now existing had already been ex 
cavated by the river through that 
lava thirteen or fourteen centuries 
ago 
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Pmj (le Come —The Puj <1p 
Come and its lava current, near 
Clermont, may be mentioned as 
another minor lolcano of about 
the same age This cointal hill 
rises from the granitic platform, 
at an angle of between ’iO'' and 
40'’, to the height of raori than 
900 feet Its sunimit presents two 
distinct craters, one of them with a 
vertical depth of 210 feet A stream 
of lava takes its rise at the western 
base of the hill, instead of issuing 
from either cratei, and descends 
the granitic slope towards the 
present site of the town of Pont 
Gibaud Ihence it jxmis in a 


stated (p 288) that Pleistocene for 
matioiiB occur in the neighbourhood 
of Catania, while the oldest lavas 
of the great volcano art Pliocene 
These last are seen assoc lated with 
sedimeiitarj deposits at Tre//a and 
other places on the southern and 
eastern flanks of the great cone 
Cijchpean Islands - The C\ 
dope an Islands, called bj the 
SiLiIians ‘del Faraglioni, m the 
sea cliffs of which these beds of 
cla\ lava, and tuff art laid open 
to view, art sitiiateil in the Bay of 
Tr(77a, and may be regarded as 
the extrciiiitv of a promontory 
severed from the maiiihiid Heit 


Fif. 675 



\ uw of the Isle of Cl clops In tlu Ba\ of Trc«/a 
(Drawn In Tapt Basil Hall ) 


broad sheet down a steep declivity 
into the valley of the Sioult, filling 
the ancient river thanntl for the 
distance of more than a milt The 
Sioulc thus disjiossessed of its btd 
has worked out a fresh one bttwetii 
the lava and the granite of its 
western bank, and tht excavation 
has disclosed, in one spot, a wall of 
columnar basalt about 60 ft et high 
ITewer Fllocene volcanic 
rocks —The more ancitnt portion 
of Vesuvius and F'tna originated 
at the close of the Newer Pliocene 
period, when less than ten, some 
times only one, in a hundred of the 
shells differed from those now living 
In the case of Etna, it was before 


numerous proofs arc seen of sub 
marine eruptions, by whith the 
argillaceous and sandy strata were 
invaded and cut through and tu 
fac eousbn ctiasfonned Lnelosc d in 
the se bre c cias are many angular and 
hardened fragments of laminated 
day 111 different states of alteration 
by heat, and intermixed with vol 
came sands 

Tlie loftiest of the Cyclopean 
islets, or rather rocks, is about 200 
feet III height, the summit being 
formed of a mass of stratifaed clay, 
the laminae of which are occasion 
ally subdivided by thin arenateous 
layers These strata dip to the N W , 
fwd rest on ajinass of columnar 
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lava (see fig 675) in whiih the tops 
of the pillars are weathered, and so 
rounded as to be often hemisphen 
cal In some places in the adjoin 
ing and largest islet of the group, 
whicli lies to the north eastward of 
that represented in the drawing 
(fig 676), the overlying clay has 
been greatly altered and hardened 
by the igneous rock, and occasion 
ally contorted in the most extra 
ordinary manner , yet the lamina 
tion has not been obliterated, but, 
on the contrary, rendered much 
more conspicuous by thi indurat 
mg process 

In the woodcut (fig 676) la 
represi nted a portion of the altered 
ro( k, a few feet square, where the 
alternating thin lainmse of sand 
and clay are contorted in a manner 
often observed in ancient meta 
morphu schists A great fissure, 
running from east to west, nearly 
divnh a this larger island into two 
parts, and lays open its internal 
struoturf In th( section thus 
exhibited, a dyke of lava is seen. 


Hg 67fi 



Contort^on^ of strata in tlie larg(4 
of tlie ( vtlofiean hla «!« 


first cutting through an older mass 
of lava, and then penetrating the 
superincumbent tertiary strata In 
one place the lava ramifies and 


terminates in thin veins, from a 
few feet to a few inches in thick 
ness Ihe arenaceous laminse are 
much hardened at the point of 


Fig 077 



Newer Pliocene '•trat'i invaded b\ lava 
Isle of Cyclops (hon/ontal section) 

« Liva b Ijim mated claj and sand 
c Tilt same alten d 

contact, and the clays are converted 
into siliceous schist (hg 677) In this 
island the altered rocks assume i 
honeycomb structure on their 
weathered surface, smgnlaily con 
trasted with the smooth and even 
outline which the same beds present 
in theirusual soft and yielding state 
Dykes of Palaqonut —Dykes of 
vesicular and amygdaloidal lava 
are also seen traversing marine tuff 
or pepermo, west of Palagoma, 
some of the pores of the lava being 
empty, while others are filled with 
calcium carbonate In such cases 
we may suppose the tuff to have 
lesulted from showers of volcanic 
sand and scoriee, together with 
fragments of limestone, thrown out 
by a submarine explosion similar 
to that which gave rise to Graham 
Island in 18'31 When the mass 
was, to a certain degree, consoh 
dated, it may have been rent open, 
so that the lava ascended through 
fissures, the walls of which were 
perfectly even and parallel In 
one case, after the melted matter 
that filled the rent (fig 678) hod 
cooled down, it must have been 
fractured and shifted horizontally 
by a lateral movement 

In the second figure (fig 679) 
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the lava has more the appearance 
of a Tern, which forced its way 
throaeh the pepenno It is highly 
probable that similar appearances 
would be seen, if we could examine 
the floor of the sea in that part of 
the Mediterranean where the wans 
liave recentlj washed away the new 
volcanic island, for wlien a super 
incumbent mass of ejected frag 
nients has been removed by deiiu 
dation, we may expect to see 
sections of dvkes traversing tuff, 
or, in otlur words, sictions of the 
channels of comniunication by 
which the subterranean lavas 
reached the surface 


Crag of Suffolk, so well described 
by Mr Searles Wood, the specific 
agreement between the British and 
Italian fossils is found to be so 
great, if we make due allowance 
for geographical distance and the 
different e of latitude, that we can 
have little hesitation in referring 
both to the same periotl, or to the 
Older Plioeene It is highly 
probabh that, between the oldest 
trachjtes of Tuscan> and the 
lit west rocks in the neighhourhood 
of Vajiles, a scries of voKanit pro 
dutts might lx detected of (vtry 
agi from tlu Oldtr Pliocene to the 
historical cpo< h 


liK b78 


Fis «7'l 



< roiiiKl plan of djkos near P ilagonm 
a Lava h Pqieriiio, (otisistini. of voUaiiic sainl tiiixol viitli fragments 
of lava and liuieHtoiu 


Older PUocene Period 

Italy — In Tuscanv, as at Rodi 
cofani, Viterbo, and Aquawndento, 
and in the Campagna di Roma, 
submarine volcanic tuffs are inter 
stratified with the Older Pliocene 
strata of the Suba})ennine hills in 
such a manner as to leavi no doubt 
that they were the prfKluets of 
eruptions which occurred when the 
shelly marls and samls of the Sub 
af)ennine hills wen iii tlie course 
of deposition Ihesc rucks arc 
well known to rest conformably on 
the Subapennine marls, even as 
far south as Monte Mario in the 
suburbs of Rome On the exact 
age of the deposits of Monte Mario 
new light has recently been thrown 
by a careful study of their marine 
fossil shells After the comparison 
of no less than 160 species of shells 
with th« shells of the Coralline 


Pliocene Volcanoes of theEifel 
Sonic of tin most jicrfcc t c ones and 
crati rs in Kurope may bo seen on 
the left or west bunk of the Rliine, 
near Bonn and Andermuh They 
exhibit charac tors distinct from 
those described in other volcanic 
districts, owing to the large part 
which the escafie of aqueous 
vapour has played lu the eruptions 
and the small quantities of lava 
emitted Tin fundamental rocks 
of the district aie grey and red 
tkindstones and shall s, with some 
associated limestones replete with 
fossils of tin Devonian or Old Red 
Sandstone group The volcanoes 
broke out m the midst of these 
inclined strata, and when the pre 
sent svstems of hills and valleys 
had already been formed The 
eruptions occurred sometimes at 
the bottom of deep valleys, some 
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times on the summit of hills, and 
frequently on intervening platforms 
In kavelling through this district 
we often come upon them most 
unexpectedly, and may find our 
selves on the very edge of a crater 
before we hod been kd to suspect 
that we were approaching the site 
of any igneous outburst Ihus, 
for example, on airiving at the 
village of Gemund, immediately 
south of Daiin, wc leave the 
stream, which flows at the bottom 
of a de( p valley in which strata of 
sandstone and shale crop out Wc 
then climb a steep hill, on the 
surface of whu h w c sei the edgi s 
of the eaim strata dipping inwards 
towaids the mountain When we 
have ascended to a considerable 
height we see fragments of scoriiB 
sparingly seatk red over the surfac e , 
until, at length, on teadiing the 
summit, we hnd ourselves suddenly 
on tlu edge of a tani, or deep 
circular lake basin called the 
Ctcmunder Maai In it w< neog 
niso the ordinary form of a crater 
for which wo have been prejuired 
bj the oceurrtnci of scoiia scat 
teredover tht surfin < of the soil 
But on examining tiic walls of the 
crater we hnd precipices of sand 
stone and shalo wliuli exhibit no 
signs of the action of heat , and we 
look in vain for those beds of lava 
and scoria., diiiping outwards on 
every side, which wt have been 
accustomed to considei as chaiac 
teristic of voleame vents As we 
proceed, however, to the opposite 
side of the lake, we find a consider 
able quantity of seoiia! and some 
lava, and see the whole surface of 
the soil sparkling with volcanic 
sand, and strewn with ejected 
fragments of half fused shale which 
preserves its laminated texture in 
the interior, while it has a vitrihed 
or Bcoriaceous coating 

Other crater lakes of circular oi 
oval form, and hollowed out of 
similar ancient strata, occur in the 
Upper Eifel, where copiou s aeriforiu 
discharges have taken place, throw 
mg out vast heaps of pulverised 
shale into the air I know of 
no other extinct volcanoes where 
gaseous explosions of such magni 
tude have been attended by the 
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emission of so small a quantity of 
lava 

It appears that when some of 
these volcanoes were in action, 
the river valleys had already been 
ercKled to their present depth 

'Irass —The tufaceous alluvium 
called trafi, which has covered 
large areas m the Pufcl, and 
choked up some old river valleys, 
now partially re excavated, is 
unstratified Its base consists 
almost entirely of pumice, in which 
are included fragments of basalt 
and other lavas, pieces of burnt 
shale, slate, and sandstone, and 
numeious tiunks and br inches of 
tre es If, IS is probable, this trass 
was formed during the period of 
volcanic eruptions, it may have 
origin ited iii the manner of the 
fc till mud ( moya ) of the Andes 
We may easily eoiictive th it a 
similar mass might now be pro 
duced, if a copious evolution of 
gases should occur m one of the 
lake basins Jf a bii ich were 
made in the side of the cone, the 
flood would swc( p away great heaps 
of ejected frigmcnts of shale and 
sandstone, which would be borne 
down into the adjoining valleys 
Forests might be torn up by such 
a flood, and thus the occurrtnte 
of the numerous trunks of tuts 
disiitrsed irregularly through the 
trass would be explained The 
mannei in which this trass eon 
lorins to the shape of the present 
valleys implies its eompaiatively 
modem origin, probably one dating 
no further back than the Pliocene 
period 

OUifOoene —Rhine Pruma — 

A large portion of the volcanic 
rocks of the Lower Rhine are 
coeval with the Oligocene deposits 
to which most of the ‘ Brown 
Coal’ of Germany belongs The 
Jeitiary strata of that ago aio 
seen on both sides of the Rhine, 
in the neighbourhood of Bonn, 
resting unconlormably on highly 
inclined and vertical strata of 
Silurian and Devonian rocks The 
Brown Coal formation of that region 
consists of beds of loose sand, sand 
stone, and conglomerate, clay with 
nodules of clay ironstone, and occa 
sionally flmt T layers of light brown 
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and flometuneB black lignite are 
interatratified with the clayg and 
sands, and often irregulary diffused 
through them They contain nu 
merous impressions of leaves and 
stems of trees, and are extensively 
worked for fuel, whenct the name 
of the formation In sev oral plaees, 
layers of trachytic tuft are inter 
stratified, and in these tuffs are 
leaves of plants identical with those 
found in the Brown Coal, showing 
that during the period of tin ae 
cumulation of the latter, some 
volcanic products were ejected 
The Igneous rocks of the Wister 
wald, and of the mountains calhd 
the Siebf ngi birge, consist parllj of 
basaltic and aiidi sitie and partly of 
trachytic lav as, the latter being in 
general the more annnit There 
aie many varittits of trachyte, 
some of which are highlj crystal 
line, resembling a coaisc graimd 
granite, with large si parati crystals 
of felspar Traclivtic tuff is also 
very abundant 

Miocene and Ollgocene 
volcanic rockt of Auvergne 

The extinct volcanoes of Auvergne 
ind Cantal in Central France seem 
to have commenced th( ir eruptions 
in the Oligocene period, but to 
hive been most active during the 
Miocene and IMiocene eras 

The earliest monuments of the 
Tertiary period m that region are 
lacustrine deposits of great thuk 
ness, m the lowest conglomerates 
of which are rounded pebbles of 
ejuartz, mica schist, granite, and 
other non volcanic rocks, without 
the slightest intermixture of vol 
tame produels To these eon 
gloraerates succeed argillaceous and 
calcareous marls and limestones, 
(ontaining Oligocene shells and 
bones of mammalia, the liighcr beds 
of winch sometimes alternate with 
voltanic tuff of contemporaneous 
origin After the filling up or 
drainage of the ancient lakes, huge 
piles of trachytic and basaltic rocks, 
with V olcanic breccias, accumulated 
to a thickness of several thousand 
feet, and were superimposed upon 
granite, or the contiguous lacus 
tnne strata The greater portion 
of these igneous rocks appears to 
have originated during the Miocene 


and Pliocene pnods , and extinct 
quadrujpeds of those eras, belong 
ing to the genera Mastodon, Bhtno 
ceros, and others, were buried m 
ashes and beds of alluvial sand 
and giavel, which owe their pre 
servation to overspreading sheets 
of lav a 

In Auvergne, the most ancunt 
and conspicuous of the volcanic 
masses is Mont Dore, winch rests 
immediately on the granitic rocks 
standing apart from tlie ficshwatc'i 
strata riiis groat mountain rise s 
suddenly to the heiglit of seveial 
thousand feet above tho surround 
ing j>l itform vnd retains the shajK 
of a flatUric d and somewhat irregii 
lar tone, tlic slope of winch is 
gridually lost in the high jihiin 
around Tins cone is composed of 
layeis of scoriie, pumice, and fnn 
detritus, with niteqwseei heels nf 
tiachyte and basalt, which de se end, 
often in uninterrupted sheets until 
they reach and spread tlwmsehes 
round the base of the mountain 
Conglomerates, also, eoniposed of 
angular and rounded fragments of 
Igneous rocks, are observed to 
alternate with the above , and tin 
V irious masse s aie se en to dip off 
from the central axis, and to he 
parallel to the sloping flanks of 
the mountain The summit of 
Mont Dore terminates in seven 
or eight rocky peaks, where no 
regular crater can now be trace il, 
but where we may easilv imagine 
one to have existed, which may 
have been sluttere d by e arthquake s, 
and have suffered degradation by 
aqueous agents Originally, pel 
haps, like the highest crater of 
Etna, it may have formed an in 
significant feature in the gnat pile, 
and, like it, may frequently have 
been de stroyed and renovated 
Respecting the age of tlie great 
mass of Mont Dore, we cannot 
ariivo at present at any positive 
deeision, because no organic remains 
have yet been found in the tuffs, 
except impressions of the leaves of 
trees of species not yet determined 
It has already been stated that 
the earliest eruptions must have 
been posterior in origin to those 
gnts and conglomerates of the 
freshwater formation of the 
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Limame which contain no jpebbles 
of volcanic rocks But there la 
evidence at a few points, that some 
eruptions took place before the 
great lakes were drained, while 
others occurred after the desicca 
tion of those lakes, and when deep 
valleys had alre uly been excavated 
through freshwati r strata 

The valley in which the cone of 
Taitaret, before mentioned (p 493), 
18 situated affords an impressive 
monument of the very different 
dates at which tlic igneous erup 
tioiis of Auvergne have happened, 
for while tin com itself is of 
Pleistocene date, the \ illcy is 
bounded by lofty prenpaes com 
posed of sheets of ancient column ti 
tiath>t( and basalt, which once 
flowed from the summit of 'Vfoiit 
Don in somi pait of the Miocene 
penod Ihcst Mint tne lav is had 
Kcnmulatid to a thickness of 
iicarlj 1,000 feet In fore the lavino 
was (ut down to the level of tin 
iivtr Couzi, a lutr which was at 
length dammed up by the model n 
cone and the upper pirt of its 
course tiansfoimcd into a lake 


Eocene volcanic rocks. 

Monte Bolca—Tho fissile lime 
stone of Monte Bolca, near Verona, 
has for many centuries been cele 
brited m Italy for the number of 
perfect nJithyolites which it con 
tains When Lyell visited Monte 
Bolca, m company with Murchison, 
m 1828, it was ascertained that the 
hsh beat mg beds weie of Eocene 
date, containing well known species 
of Numrnulites, and that a long 
series of submanne volcanic erup 
turns, evidently contemporaneous, 
hid producid beds of tuff, which 
ire (ut through by dykes of basalt 
riifie IS evidence here of a long 
senes of submarine volcanic erup 
tions of Focenc date, and duiing 
some of them, as Sir R Muichison 
has suggested, slioals of fish were 
probably di stroyed by the evolution 
of heat, by noxious gases, and tu 
faceous mud, just as happened when 
Graham’s Island was thrown up 
between Sicily and Africa in 1831, 
at which tame the waters of tlie 
Meditenaiiean weie seen to be 
ihargcd with rid mud and covexed 
with dead fish ov u a wide area 


ThRTIARY \0LCAmES OF THE ATLANTIC ISLANDla 


Upon tlie greit ridge that tra 
versts tin 'Vtlaiitu fiom north to 
south stand a number of voltanot s 
that were m triiption during the 
sann periods as those of tin fb 
brides and the North of li eland 
The date of oteurrtnee of the out 
bursts of ccrtmi of these volcanoes 
it has been possible to determine, 
in some cases fioin tlie fossils con 
tamed in beds iiitcic il ittd with 
the lavas 

Madelra.—Although the moic 
ancient portion of the volcanic 
eruptions by which the island of 
Madeira and the neiglibouiing one 
of Potto Santo were built up oc 
curred in the Miocene period, a 
still larger part of the island is of 
Pliocene date That the latest out 
breaks belonged to the Newer PIio 
cene jieriod is inferred from the 
close affinity to the present flora of 
Madeira of the fossil plants pre 
served m a leaf bed in the north 
eastern pait of the island These 


fossils, issociated with some lignite 
111 the itivme of the river Sm 
Jorge, can none of tin ui be proved 
to be of (xtinct species, but their 
aiituiuity may be inft rred fiom the 
following lonsideiations First — 

the leaf bed, discovered by Lyell 
and Hartmig in 1853, at the height 
of 1,000 feet above the level of the 
SI a, crops out at tlie b ise of a t bff 
founed bj the eiosion of a goige, 
cut through alternating lajers of 
basalt and scorim, the produi t of a 
V 1st succtsbiou of eruptions of un 
known date, piled up to a thiik 
ness of 1,000 feet, which weic all 
IKinred out after the plants, of 
which about twenty species liave 
been lecogmsed, flourished in Ma 
deira These lavas axe inclined at 
ail angle of about 15° to the north, 
and came down from the great 
central region of eruption Their 
accumulation implies a long penod 
of intermittent volcanic action, 
subsequently to which the ravine 
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of San Joi-go was hollowed out 
Secondly — some few of the plants, 
though perhaps all of living genera, 
are supposed to be forms not now 
existing in the island Ihej have 
been described bj Sir Charles 
Bunburv and Professor Heer, and 
the former first pointed out that 
many of thelea\eBari of the laurti 
type and analogous to those now 
flourishing in the modem fon sts of 
Madeira He also recognised among 
them till kaies of Wooduartha 
radi<am,Ca,\ ‘> and Data//? <i la 
tuinenhn, Smith, ferns now abun 
dant in Madeira Thirdh— fossil 

land shells, fu i per tint of which 
are extinct, are found in the blown 
sands iijion the leaf bed 

Although the greater part of 
the volcanic iruptioiis of Madeira 
1 m long to the Plicxene fKriod, 
tilt most aniitnt of them art of 
Mioctiie date, as is shown bv tin 
fossil shills intludid in tlic inirint 
luffs which hive belli upraised to 
the luiglit of l,i0() f( ( t ilxnt lilt 
hvil of till sia it San Vicente, in 
tilt northern part of tin island \ 
similar niarini and voltinit forma 
tion constituks the fuiidamtntal 
jmrtion of the niighbouitng island 
of Porto Santo, foilv iiiihs distant 
from Madeiia, and is thin ilivatid 
to an equal height, and covirod, is 
in Madina, with lavas of subairial 
origin 

The largest miinber of fossils 
have been collie ted from the tuffs 
and conglomerates and sonu be d» 
of limestone in the island of Bauo, 
off the southern extremity of Porto 
Santo The species amount, in 
this single lotalitv, to more than 
sixty, of which about fifty are mol 
lusca, but many are only casts 
Borne of the shells probably lived 
on the spot during the intervals 
between truptions, and some may 
have been cast up into the water or 
air together with muddy ejections, 
and, failing down again, hav e been 
deposited on the bottom of the sea 
The hollows m some of the frag 
meiits of vesicular lava, of whtth 
the breccias and conglomerates 
are composed, are partially filled 
with calcite, thus half con 
verted into amygdaJoidg Among 
the fossil shells common to Madeira 


and Porto Santo, large Cones, 
Strombs, and Cowries are con 
TOicuous among the univalves, and 
Uardium, Spondylus, and Lttho 
damns among the lamellibranchiate 
bivalves, while among the Echino 
derma the large Clypemte) altus, 
h, an extinct Luropean Miocene 
form, IS found 

The largest list of fossils has 
been published by Karl Mayer ni 
Haitung B ‘ Madeira ’ Mayer iden 
tifies one tliird of tin Madeira 
shells with known Eiirojaan Mio 
cene forms 

Grand Canary —In the Ca 

nariea, especially in the Grand 
Canary, thi saim inaniic Upper 
Mioicm foniiatioii is found Stra 
tihcd tuffs, with intercalatid con 
glnintraUs and lavas, art thirc 
seen iii ntaily lionrontal layeis in 
sia cliffs about iOO feet high near 
Las Palmas Lvcll and Haitung 
wtit unable to find marim shtlls 
m these tuffs at a greater c livatioii 
than 400 fic t above the sta, hut as 
the d(|)osit to which they htloiig 
Killies to till hi ight of 1,100 fiit 
or moil III the iiiknoi, they he 
ill Mil that an iijilie ival of at least 
that amount liiwl taken plate lilt 
( 7 y/K ask ridtus,L, *S po ndylusycr 
dt roptis \t , Pittuni idnsptlmusyh 
sp, ( (udita (ahjiulata, L sp , 
and Htvtrul other shtlls, sirvi to 
id< ntify tins formation with that of 
the Madtins, and Aiudhitia 
glandi/oi nils, Lam, whiih is not 
rare, and somt otliti fossils, re 
mind us of the faluns of 'iuuraiiu 
liiest tuffs of the southern 
shorts of the Grand Canary, con 
taming the Miocene shells, appear 
to be of about the same age as the 
most anoitnt volcanic rocks of the 
island Over the marine lavas and 
tuffs, tracliytic and basaltic pro 
ducts of subairiol vulcanic origin, 
between 4,0U0 and 6,000 feet in 
thickness, have bun piled, the 
(.entral paits of the Grand Canary 
reaching the height of about 6,000 
feet above the level of the sea A 
large portion of this mass is of 
Pliocene date, and some of the 
latest lavas have been Mured out 
since the time when we valleys 
were already excavated to withm a 
few feet of their present depth 
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A*orei.— In the island of St 
Mary’s, one of the Azores, marine 
fossil shells have long been known 
They are found on the north east 
coast on a small projecting pro 
montory called Ponta do Papagaio 
(or Point Pairot) chiefly in a lime 
stone about twenty feet thick, 
which rests ujkhi, and is again 
covered by, basaltic la\a8, storise, 
and conglomerates The pebbles 
111 the conglomerate are cemented 
togetlier by ( alciuni carbonate 
One of the most characteristic 
and abundant of the sjiecios. Cm 
(hum Hartmuji, Biomi, not known 
as fossil m Europe, is very coniinon 
in Porto Smto ind Biixo, and 


serves to connect the Miocene fauna 
of the Azores and the Madeiras 
In some of the Azores, as well as 
m the Canary Islands, the volcanic 
fires are not yet extinct, as the re 
corded eruptions of Lanzerote, 
Tenenffe, Palma, St Michael’s, 
anil others attest The late sound- 
ings (lH7i) of H M S ‘ Challenger ’ 
have shown the Azores, Canaries, 
Cape do Verde Islands, &c , to be 
merely the highest summits of a 
gieit submergul mountain ridge, 
comparable with the Andes of 
South America both in extent and 
altitude as well as in the volcanic 
cliiiraftir of ininy of its most ele 
vated iks 


TERTIARY VOLCANOES IN OTHER PIRH OF THE 
WORLD 


Allo\er the globe wc find e\i 
dence that the older parts of \ol 
canoes still active, and many 
volcanoes now extinct, were m 
eruption during diiTcrent parts of 
the lertiary period 

Blodostan.— A v ist volcanic 
area exists in tlu Westiru and 
Central parts of the Peninsula of 
Hindostan, called ‘ the Deccan vnd 
Malwa Trap It covers 200,000 
square miles, and is found as 
numerous flows of earthy basalt, 
amounting to >000 feet in thuk 
ness Tins vast deposit seems to 
have come from fissures upon 
which tlie voliann cones, which 
were doubthss thrown up, have not 
been preserved, and the flows 
covered an old terrestrial surfact 
of the Upper Cretaceous age 

The lava flows continued duiing 
a vast period of time (for lake 
beds exist amongst them with their 
fossils silicifled), and are oldei than 
the Numniulitic period 

The Vnlted States —In tlie 
Western Territories of the United 
States the Sierra Nevada has a 
great thickness of auriferous gravels 
of Pliocene age, covered by basalt, 
and this is a part of the result of a 
grand senes of eruptions from vol 
canoes, which continued probably 
into the Histone penod Such 
flows are vast m amount in other 
regions, and were one of the great 


phases in the development of the 
physical features of the continent 
after the upheaval of the mountain 
systems The great lakes to the 
west of the Rocky Moiuitains wen 
in existence when the outflows took 
place 111 and to tiie west of the 
mountains The basalts form nil 
portant features in Nevada, Oregon, 
Idaho, Utah, &c 

Besides tlie bassltic rocks great 
masses of andesites (altered into 
propylites) with a few tiachytes and 
phoiiolites, and many interesting 
rliy elites and obsidians were erupted 
during the Tertiary peiiod m this 
pait of the eiuth’s sinface The 
geyser district of the Yellowstone 
Park, wlun so inxny traces of 
volcanic activity arc still to be 
witnessed, has become v cry famous, 
and the phenomena displayed 
there have been caiefully studied 
by the United States geologists, 
Messrs Hague and Iddings 

Australia. — Vast volcanic 
flows occurred m Australia during 
the Tertiary ages, and those of 
Queensland and of Victoria are of 
great importance, both geologically 
and economically Marine and 
freshwater deposits, the ages of 
which can be determined by their 
fossils, are covered by, or rest upon, 
great thicknesses of dolentes 
There are two series of outflows, 
an upper and a lower, and the 
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aunferows deposits are coveretl b> 
the upper and rest on the lower 
Wliert the upjier or Pliocene 
basalt is absent or has been 
denuded, tin sedimentary strata 
at once afford the gold seekei his 
clue, for if the} contain marine 
fossils, they are older than the age 
when the denudation of txposed 
auriferous quartz re( fs pennitted 
the accumulation of auriferous 
deposits The niaiine strata are 
of Miocene age, and the basalt 
co\ering them underlies theaunh 
rolls freshwater deposits tin results 
of tlu denudation of liighei ground 
than that co\ir« d hi the oldi r and 
marine senes In tin northern 
part of Queensland, north of lit 21 
tlie upiier loleanie senes consists 
of welldeluicd ciitds and great 


lava flows, which are older than 
the Pleistocene marsupials (p 241), 
the foreshadowers of tlie existing 
fauna In Queensland, these Pho 
cene flows cap a ‘deseit sandstone,’ 
and in Victoiia, gravels, conglome 
rates, cement beds, and other Pho 
cene auriferous di posits The 
Victorian Pliocene vohanic flow is 
at a considerable aUitude, and has 
been much drmided 

Beneath tlu Pliocene volcanic 
rocks an older senes occurs, both in 
Vu toria and Queensland, which has 
been referred to the Muuem In 
tlu casr of tlu sp oId( 1 lai a How s, 
all traces of tlu cones and initiis 
fjomwhuh tluv \vi ri uinftnl would 
stem to have disappeartd probublv 
thiougii denudation 
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Absence of eiidence of lohanic aition in Cretaceous and Jurassic times 
m the British Ishs and vVistirn Europe— Tnassic Volcanois of 
Dei onshire— Penman Voliunoes of Scotland— Volcanoes of the Car 
bomferous Period—Buried tices of Arran— Vole anoes of the Old Red 
Sandstone and Dei Oman Period — Volcanoes of thi Silurian Ordovician, 
and Cambiian Periods— Pic Cambrian Volcanoes Pre Tertiar) Vol 
canoes of other parts of the glolie— Cretaceous and Jurassic volcanic 
Rocks of Greece — Newer and older Palneozou Volcanoes of Central 
Europe — Pre Cambiian volcanic Rocks of Canada 

In the British Islands we have no volcanic rocks of either 
Cretaceous or Jurassic a^^e, and the same is true of Western 
Europe generally It is this circumstance which led contmen 
tal geologists to regard the Tertiar} volcanic rocks as having a 
totally different character and origin from the igneous products 
of the older geological periods , it was found impossible, in many 
cases, to show a complete sequence and transition from the 
older to the newer volcanic rock masses, and the former were 
supposed to have been extruded under the sea from great 
fissures m the earth’s crust, being called ‘ trap rocks ’ (from the 
Swedish trappa, a stair) 

Voloanlo Books of ttae Triassle Berlod —The youngest 
pre Tertiary volcanic rocks which occur in t|ie British Islands 
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are probably those found m the south west of England, which 
were described by Sir Henry de la Beche 

In the southern part of Devonshire volcanic rocks are 
associated with New Red Sandstone, and, according to De la 
Beche, have not been intruded subsequently into the sandstone, 
but were produced by contemporaneous volcanic action Some 
beds of grit, mingled with ordinary red marl, resemble ashes 
ejected from a crater, and in the stiatified conglomerates 
occurring near Tiverton, are many angular fragments of por 
plivnte or altered andesite, some of them one or two tons in 
weight, intermingled with fragments of othei rocks These 
angular fragments were probably tiirown out from volcanu 
vent's, and fell upon sedimentary matter then in the course of 
dt position 

There still appears to be some doubt, however, wlietlier the 
red sandstones With w hull these volcanic rocks are associated 
may not be of Permun rather tlian of Tiiassic age, and that 
they were so was the view mamtamed by Murchison 

Volcanic Rocks of the Permian Period —The researches 
of the ofheers of tlie Geological Survev m Scotland have led to 
their mapping a considerable number of small and scattered 
volcanic masses, consisting of small mtnisive masses, and some 
times of lava sheets with iiiterbedded tuffs The lavas are 
generally porphv rites and melaphyies (altered andesites and 
basalts), but the evidence on which a Permian age has been 
assigned to them cannot be regarded m most cases as altogether 
satisfactory The volcanoes, which were m nearly all cases of 
small si/e, must be regarded as examples of sporadic outbursts 
similar to the ‘ puys of Auvergne, and like them maiking the 
decline of volcanic activity m the districts where they occurred 
Volcanic rocks which have been referred to the Permian period 
by tlie officers of the Geological Survey occur m Ayrshire, m 
Nithsdale, m Dumfriesshire, and away through Central Scotland 
into Fifeshire 

Voloanlo Rocks of tbe Carboniferous Period —Two ex 
tensiv e developments of volcanic rocks occur m the Caibomferous 
basin of the Forth in Scotland One of these is well exhibited 
along the shores of Fifeshire, where the igneous masses consist 
of basalt, sometimes with olivine, and of dolerites These 
appear to hav e been erupted while the sedimentary strata were 
111 a horizontal position, and to have suffered the same disloca 
tions which those strata have subsequently undergone In the 
associated volcanic tuffs of this age are found not only frag- 
ments of limestone, shale, flmty slate, and sandstone, but also 
pieces of coal Other volcanic rocks connected with the Car 
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boniferous formation may be traced alon^^ the south margin of 
Stratheden, and constitute a ridge parallel with the Ochils, ex 
tending from Stirling to near St Andrews These consist almost 
exclusn ely of dolerite, becoming, in a few instances, earthy and 
amygdaloidal They are either interbedded with, or intruded 
among, the sandstone, shale, limestone, and ironstone of the 
Lower Carboniferous 

Tlie Cement stone group (p 870) accumulated, writes Sir A 
Geikie, in a region of shallow lagoons, islets, and coal growths, 
which was dotted over with innumerable active \olcanic vents 
The eruptions continued into the time of the Carboniferous 
limestone, but ceased befoie the deposition of the Millstone grit 
Close grimed basalts md dolt rites weie formed with felsites, 
porph> rites, and tuffs 

Beneath this group there are eMdences of vast volcanic flows, 
some sheets being L'lflO feet thick The most persistent 7one 
of volcanic rocks in the Scottish Carboniferous system is that 
which succeeds the lower part of the Calciferous Sandstones 
Composed of successive sheets of porphyrites and tuffs, it sweeps 
in long isolated ranges of hills from Arran and Bute on the west 
to the mouth of the estuarv of tin Forth on the east, and from 
the Canipsie Fells on the north to the heights of Ayrshire, and 
still farther south to Berwickshire, Liddesdale, and the English 
border 

Erect treis huricd in volcanic ash at Arran -An interesting 
discovery was made in 1867 by Mr K A Wunsch in Carboni 
ferous or Permian strata of the north eastern part of the island 
of Arran In the sea cliff, about five miles north of Come, near 
the village of Laggan strata of \oIcanic ash occur, forming a 
solid rock cemented by calcium carbonate and enveloping trunks 
of trees, determined bv Mr Binncy to belong to the genera 
Stgtlla,ria and Lepidoth mlron The trees with their roots 
occur m two distinct strata of volcanic tuff, parallel to each 
other, and inclined at an angle of about 40°, having between 
them beds of shale and coal> matter seven feet thick It is 
evident that the trees were overwhelmed by showers of ashes 
from some neighbouring volcanic vent, as Pompeii was buried 
by matter ejected from Vesuvius The trunks, several of them 
from three to five feet m circumference, remained with their 
Stigmarian roots spreading through the stratum below, which 
hod served os a soil 

Arthur’s Beat, Edinburgh, is the relic of a volcanic cone, 
and oommencmg as a fissure in the Calciferous Sandstone age, 
gave forth andesitic and basaltic lavas, of which much was 
forced amongst the surrounding strata, to form the Bahsbury 
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Crags and other intrusive sheets at the base of the hill 
The eruption probably took place in shallow water, and after a 
while elevation occurred and agglomerates collected, forming 
the higher part of the mass The volcanic relics have partici 
pated in the general movements of the area since the 
Carboniferous age, and have since suffered great denudation 
Evidences of similar sporadic or ‘ puj like ’ eruptions during 
the Carboniferous penod are found scattered all over the 
Central Valley of Scotland The rocks of which these old 
Carboniferous \ olcanoes were composed have been descnbed by 
Mr Allport md Sn A Oeikie They consist for the most part 
of andesites and basalt, but some trachyfi'- and an ocrasional 
phonolite mi> ilso be found among them 

Great sheets of nielaphyre, poiphyrite, and tuft are found in 
the Carboniferous limestone of Iimeruk, and to the north in 
Ireland In Derbyshire, sheets of contemporaneous basaltic lava 
called ‘ toadstone ’ occur in the limestone, and flows of the same 
age have been found in the Isle of Man 

Voloanlo Books of tke Old Bed Sandstone Period —By 
referring to the section explanatory of the structure of Forfar 
shire, already given fp 80), the reader will perceive that beds 
of conglomerate. No S, occur m the middle of the Old Red 
Sandstone system, 1, 2, 3, 4 The pebbles in these conglome 
rates are sometimes composed of gneiss and quartzose rocks, 
sometimes exclusively of different varieties of lava, which last, 
although purposely omitted m the section referred to, is often 
found either intruding itself m amorphous masses and dykes into 
the old fossilifcroiis tileatones, No 4, or alternating with them in 
conformable beds All the different divisions of the red sand 
stone, 1, 2, 1, 4, aie occasionally intersected bv dykes, but they 
are very rare in Nos 1 and 2, the upper members of the group 
consisting of red shale and red sandstone These phenomena, 
wliicli occur at the foot of the Grampians, are repeated in the 
Sidlavv Hills , and it appeals that m this part of Scotland vol 
came eruptions were most frequent m the earhei part of the 
Old Red Sandstone period These lavas belong tor the most 
part to the class of porphyrites, their structure is often found to 
be amygdaloidal, the kernels being sometimes calcareous, but 
often siliceous, and forming beautiful agates In a more or less 
decomposed condition these felspathic lavas are known under 
the name of claystones With them occur beds of stratified 
tuff and conglomerate Some of these rocks look as if they had 
flowed as lavas over the bottom of the sea, and enveloped 
quartz pebbles which were lying there, so as to form con 
glomerates with a base of igneous rock, as is seen in Lumley 
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Den in the Sidlau Hills On either side of the axis of this 
chain of hills (see section, p 80) the beds of massive lava, and 
the tuffs composed of volcanic ashes, dip regularly to the south 
east, or north west, conformably with the shales and sandstones 

The geological structure of the Pentland Hills, near Edin 
burgh, shows that igneous rocks were there formed during the 
Devonian or ‘Old Red period These hills rise 1,000 feet 
above the sea, and consist of conglomerates and sandstones of 
Devonian age, resting on the inclined edges of grits and 
slates of npper Silunan date The contimpor lueoiis volcimc 
rocks intercalated in tins Lowei Old Red Sandstone consist 
of felspathic lav is or felstones w ith agglomerates and ashv 
beds 

\olcamo locks ar«' fouiul associalid with the strata of tht 
Lower, Middle, and Ujiper Old Red Sandstom, and occur in the 
Cheviot Hills (where bi lutiful glass} enstatite andesites are 
found) m the Central Valiev of Scotland, and m tlu Orkiu v and 
Shetland Islands Siimlai rocks are found associated with Old 
Red Sandstone strata in the Killarne} distrutm Inland, and 
with the Marine Devonian beds of the South Mest of England 
The lavas of this period comprise andesite s and basalts, often 
much altered, and more rarel} the acid r]i}ohtc8 

Silarian and Ordovician volcanic rock* Die Upper 
Silurian senes of the West of Ti eland shows siucessive sheets of 
lava and tuffs fuiimng conspicuous bands amongst the stratihed 
rocks The volcimc senes of tlie Jake district of the North 
W^est of England is of vast thickness, and intervened between 
the bkiddavv slates and the Coniston hmestune and shale It 
occupied much of the Lala age, and all tluit of the Llandeilo, 
and part of the Vremg epoch of W'ale s 

Ihe Snowdonian hills, in Caernarvonshire , consist m great 
part, of volcanic tuffs, tlie oldest of wliicli are mterstratified 
with the Bala and Llandeilo beds Tlierc are contemporaneous 
felsitie lavas of this era, which altered the slates on which 
the} repose, hav mg doubtless been poured out over them m a 
melted state, whereas the slates which overlie them, having 
been deposited after the lava had cooled and consolidated, 
have entirely escaped alteration But there aie ‘greenstones’ 
associated with the same formation, which, although they aie 
often conformable to the slates, are in reality intrusive rocks 
They alter the stratihed deposits both above and below them 
Volcanic action occurred largely during the formation of the 
Arenig strata, and felsitic or rhyolitic lavas were erupted, and 
mterstratified with fossiliferous deposits Tuffs added to the 
bulk of the whole Cader Idris, the Arans, the Arenigs, and 
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other mountains are thus built up Similar volcanic rocks of 
Ordovician age occur in Scotland and Ireland 

Cambrian volcanic rocks — On the western flank of the 
Malverns in Herefordshire, some black shales belonging to the 
Upper Lingula Flags are interstratified with thin sheets of vesi 
cular lava that were probablv erupted beneath the sea contem 
poraneouslv with the deposition of the muddy sediment The 
shales lying beneath the volcanic rock ire white, as if calcined 
by the molten lava, while those Ijing above have retamed 
their normal black colour In speaking of this ancient volcanic 
outburst, the late Piofcssor Philipps said ‘ One might mistake 
the fennginous and cellular stone toi the snbafnal reliqiiue of 
a vokano in Auvergne,’ a district where the erupted volcanic 
matter is clearl} contemporaneous with tin associated sedi 
inentar} deposits 

Pre-Cambrian volcanic rocks —Beneath the lowest fos 
siliferoiis Cambrian rocks, and the basal conglomerate of the 
formation in Wales and elsewhere, is a vast volcanic series, the 
agglomerates, tuff's, and flows of which have been altered to a 
certain extent b} metamorphic action These Pebidian rocks 
hav e alreadv been noticed (p 434) Beneath the halleflintas is the 
great group known as Dimetian senes, m which metamorphic 
and granitoid masses with acid volcanic rocks are found The 
Lewisian (or Fundamental) gneiss of Scotland is large!} made 
up of rock-> which are evidently metamorphosed igneous masses, 
some of them hav ing apparently been extruded m the form of 
lavas and tuffs during the ancient periods when these rocks 
were formed 


PRE TERTIAR) lOlCiNW ROCKS IN OTHER PARTS 
OF THF WORLD 

The absence of Mesozoic volcanic rocks, which is so marked a 
feature in tlu British Islands and throughout W estern Europe, is not 
noticed m other parts of the globe Even in the eastern part of 
our oivn Continent important volcanic rocks aie found intercalated 
with Cretaceous and Jurassic strata 


Cretaceous Period — M 

Virlet has shown m his account of 
the geology of the Morea, that 
certain volcanic rocks in Greece are 
of Cretaceous date, as those, for ex 
ample, which alternate conformably 
with Cretaceous limestone and 
greensand between Kastn and Da 
mala in the Morea They consist in 
great part of diallage rocks and ser 
pentme, and of an amygdaloid with 


calcareous kerneE, and a base of 
serpentine In certain parts of the 
Morea, the age of these volcanic 
rocks is established by the following 
proofs first, the lithographic lime 
stones of the Cretaceous era are cut 
through by volcanic rocks, and then 
a conglomerate occurs, at Nauplia 
and other places, containing in its 
calcareous cement many well known 
fossils of the chalk and greensand, 
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tof^ether with pebbles formed of 
rolled pieces of the same serpen 
tmous rocks as appear in the djkes 
above alluded to 

Period of Oolite and Lias. 
\lthough the green and serpenti 
nous volcanic rocks of tJie Morea be 
long chiefly to the Cretaceous eia, 
as before mentioned, \et it seems 
that some eruptions of similar rocks 
began during the Oolitic period, 
and it 18 probable that a large part 
of the volcanic masses called 
ophiohtes m the Aiiennines, and 
associated w'ththelimeatoneof that 
chain, are of correR|Hmdiiig age 
liniMirtant maHs( fi of volcanic rock 
in the Rajmahal district of Hiii 
dostan are of Jurassic age 

Volcanic rookf of Meio- 
solo and Palaeoxolo Age — 
In Central Europe we find vast 
thicknesses of lavas and tuffs of 
acid, intermediate, and basic comjio 
sition alternating with sediments of 
Tnassio, Permian, Carboniferous, 
Devonian, Silurian, Ordovician, and 
Cambrian ag< , and similar rocks arc 
found in Southern biurope belonging 
to various portions of the Newer 
and Older Palaeoroic as well as to 
the Trias The iieriods of volcanic 
eruption in our own islands in the 
Tnassic and Permian, the Devonian, 
Ordovician, and Cambrian wcr< 
equally periods of gieat igmons 
activitv all ovir Western Eurofie 
The products of volcanic iMtuitj 
m these several periods niaiiitain a 


remarkable uniformitjr of character 
over tolerably wide districts, and it 
IS thus possible to define even in 
these areas the boundaries of great 
‘ petrographical provinces ’ 
Laurentlan volcanic rooks 
The Laurentlan rocks in Canada, 
especiallv in Ottawa and Argenteuil, 
aro among the oldest intrusive 
masses jet known They form a set 
of dykes of a fine grained dolerite, 
composed of fc Ispar and pyroxene, 
witli occasional scales of mica and 
grains of pj rites Their widtli vane s 
from a few feet to a hundred yards, 
and they have aeoliimnai structure, 
the eoluiiiiH being tnilv at right 
angles to tlit sides of the dyleis 
Some of the dykes send off branches 
These doleiites arc cut through by 
intrusive sjiiute, and tins sjcnito, 
m its tiini, IS again cut and penc 
tmted by poiqihyntic felsite All 
theseold volcanic rotks appear to be 
of Laurentlan date, as the Cambrian 
and Huroiiian rocks rest uneon 
formably upon them Whetlier 
some of the various eoiiformable 
crystallim rocks of tin Laurentlan 
senes, such as the coarsegrained 
granitoid and porphyntic varieties 
of gneiss, exhibiting scarcely any 
signs of foliation, and some of the 
se rjientine s, mav not also be of 
volcanic origin, is a point ver\ difli 
tiilt to determine m a legieiii whith 
liiis mieh rgoiu sueh e xtreine me ta 
moiphu aetion 


In Ills addresses to the Geo 
logical Society for 1891 and 189*2, 
Sir Archibald Geikie lias given an 
admirable summarj of the work 
done by the Geological Survey, so 


far as it bus gemt, in deteiminiiig 
the age of the vaiious masses of 
volcanic rock met witli in associa 
tion with the strata of the British 
Islands 
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PART IV 

PLUTONIC HOCKS 

CHAPTER XXXV 

PLUTONIC ROCKS, THKIR NAfURK AND lOMPOSiTION 

Analogy of tlu Plutonic Kocks with those of Vokanic origin — Pi oofs of the 
(l( op seated oiigin of Plutoiiio Hocks— Chemic il composition of the 
different classis of Plutonic Hocks — Changes wJinh they undeigo— 
Luiuul (aMties in the crystals of Plutonic Hoiks— Order m which the 
Htvcial mini laU crystilhse in Plutonic Ho< ks — Grinite and its varieties 
— fejenitt s, Ac —Diontes, Ac — Neplii Inn Syenites and Iherahtcs — 
(labbro and its vatittits — Ultra acid Hoiks — Ultra basic Hocks — 
J’ciidotites—Pyiovcnites— Amphibolites— Hclations ot the Ultra basic 
Hocks to Meteoiites 

Thl plutonic locks iua\ be treated of next m order, as they are 
most nearly tilled to the volcanic class already considered In 
the farst chapter tve have described these plutonic rocks as a 
diMsion of the crystalline or hypogene formations, and have 
stated that they difter from the volcanic rocks, not only by 
their more crystalline texture, but also by the absence ol tuffs 
and breccias, which arc the products of eruptions at the earth’s 
surface, whether thrown up into the air or beneath tie sea 
They differ also by the absence of pores or cellular cavities to 
which the expansion of the entangled gases gives rise in ordinary 
lavas * 

From these and other peculiarities, it has been inferred that 
the granites have been formed at considerable depths m the 
earth, and have tooled and crystallised slowly, under great pres 
sure, where the occluded gases could not expand The volcanic 
rocks, on the contrary, although they also have risen up from 
below, have cooled from a melted state more rapidly — upon 
or near the surface From this hypothesis of the great depth 
at which the granites originated has been derived the name of 
‘ Plutonic rocks ’ 
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The heat which in every active volcano extends downwards 
to indefinite depths, niustpioduce, simultaneously, very different 
effects near the surface and far below it , and we cannot sup 
pose that rocks resulting from the crystallising of fused matter 
under a pressuie of several thousand feet, much less seveial 
miles, of the earth’s crust, can exactly resemble tliose formed at 
or near the suiface Heme the production at gnat depths ot a 
class of rocks analogous to the volcanic, and yet ditfenng in 
many particuhi s, might have been predicted, even had we no 
plutomc formations to account for 

It has, however, been objected, that if the granitic and 
volcanic rocks wore simply different parts of one great scries, 
we ought, m mountain (hams, to find volcanic dykes passing 
upwards into lax a and downwards into granite But we may 
answer that oui vertical sections arc usually ot small extent, 
and if we hnd in ceitun places a transition Irom solid to poious 
lava, and in others a jiassage from gi imtic rocks to solid lava. 
It 18 as much is we could expect from this kind of evidence 

The plutomc formations agree with the volcanic in exhibiting 
veins or ramihcatioiis proceeding from central masses into the 
adjoming rocks, and causing alter itions m these last, whuh 
will be presently described They also resemble volcanic masses 
in containing no organic remains , but they differ m being more 
uniform m texture, wliole mountain masses of indefinite extent 
appearing to have originated under conditions almost precisely 
similar 

The most striking analogies between the Plutonic and the 
Volcanic rocks are seen, howevtr, when we study their chemi- 
cal composition and their mmeralogical constitution Eveiy 
variety of lava -acid, intermediate and basic— has its evait 
counterpart in the series of plutomc rocks, it is only in its 
strut tun that a lava differs from its plutomc representative 
While the lavas are sometimes wholly glassy in structure, and 
in almost all cases crypto crystalline or micro crystalline in 
their base or ground mass, the plutomc rocks usually exhibit a 
more perfectly crystalline structure and often pass into masses 
that consist entirely of crystals of different mmeials without 
any intervening base or ground mass , in such cases we speak 
of the rock as being ‘ holocrystallme ’ 

As was suggested by Jukes, it is probable tliat if we could 
trace a mass of pumice downwards to greater and greater 
depths in the earth’s crust, we should find the pumice losing its 
porous character, and becoming solid glass (or obsidian) , the 
glassy obsidian by the development in it of crystallites and 
microlites would gradually acquire moie and more stony 
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characters (rhyolite and quartz felsite) , and finally, as the 
crystals increased in size and perfection of development, the 
rock would assume the perfectly holocrystallme character 
(micropegmatite and granite) Similar changes could doubtless 
be traced in each variety of intermediate and basic lavas as it 
was followed to depths where it must have consolidated at a 
slower rate and under greater pressure 

In each series, the lavas overlap their plutonic representa 
tives The central portions of massive lava streams are often 
more highly crystalline than the materials of narrow plutonic 
d^kes or veins Occasionally, indeed, truly plutonic rocks, m 
small masses, may consolidate as a glass While every known 
lava has its plutonic counterpart, there are a tew deep seated 
rocks, as we shall see hereafter, which seem to have no 
representatives among those erupted at the surface The rocks 
ot these peculiar tvpes, which have only been found in plutonic 
dykes, constitute the class of ‘ d>ke rocks ’ In the deeper parts 
of volcanic masses which have been exposed to our view by 
denudation, we find rocks which we may with equal propriety 
speak of as ‘ plutonic ’ or ‘ volcanic ’ 

Many of the plutonic locks, like their volcanic analogues, are 
found to have undergone great chemical, mineralogical, and 
structural alterations, so that materials are produced differing 
very greatly indeed from the original rocks Is the result ot 
such alteration, glassy materials become cr>8tdlline (secondary 
devitrification) , mmcials undergo metamorphoses, without 
alteration of chemical composition (paramorphism), or with 
such change (pseudomorphism) , and m some cases the whole 
mass may bi come completely recrystallised with the formation 
of entirely new mmeraJs The older a rock, the more likely is 
it to have undergone such changes, and tins circumstance led 
the older geologists to siqipose that fundamental differences 
existed between the rocks of the earlier geological periods and 
those which hav e been lornied in Tertiary and recent times But 
the more carefully the most ancient igneous rocks are studied, 
the more clearly does it appear that the difference between the 
Igneous products of the older geologic il peiiods and those of the 
present day aie not essential but accidental- being the result of 
mechanical and cliemical changes w Inch they have undergone 
since their first consolidation There is no ground whatever for 
believing that the rocks formed during the earlier periods of the 
earth’s history differ either in chemical or mineralogical charac 
ters from those which are bemg consolidated within the earth’s 
crust at the present da> 

There is one respect in which the mineials of deep seated or 
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plutonic rocks strikingly differ from those of the lavas formed 
at the earth’s surface The mmerals of lavas contain cavities 
or empty spaces filled with gas (gas enclosures) , or with vitreous 
materials (glass enclosures) , or with the devitrified products 
of glass (stone enclosures) The minerals of deep seated or 
plutonic rocks, however, frequently contain in their cavities 
liquids (often with movable bubbles), and the liquids sometimes 
have floating about in them crystals showing that they are 
supersaturated solutions (see fag 680) Sometimes crystals are 
found containing two different kinds of liquids at the same 
time 13\ determining the coefficient of expansion of the liquids 
and their critical points, and by submitting them to spectral or 
chemical anal-^ sis, it has been proved that they are sometimes 
liquid carbon dioxide (it may be mixed with other gases liquefied 
by pressure), at other times supersaturated aqueous solutions 

I IK <)80 

0 

« f 

Cfivitieh Htii 111 tilt < r\sta)-' oi iulK' 

a ( as-cavityof imKularforiii b I iquid ClVltlc^ witli Imliblts (ttitM c ivitics 
are irregular lu toriiil i ( ivit} bouiulul by (ry'^tUluu plants ot tin 
miupral (quart/) in wliuh it i-, eii< loscd, and (ontaiiiiuK two liijuids with i 
bubblt Cavities tlms bounded b} on italliiit plants art called noKfttivt 
crvstalb d femnlar cavitv witli liquid and bubblt Tht liquid tout mis a 
cubic crystal e (ihsscavm f Stem tavit> (both of tlitsc art myritive 
crystals) i, c d art found lu miuomls ol plutomt rocks a iii miiitraU 
of lavas 

of the alkaline chlorides and sulphates The presence of these 
‘ liquid enclosures ’ m the minerals of plutonic rocks affords 
striking GMdence of the enormous pressures under which these 
rocks must have consolidated 

Two methods have been suggested whereby we may possibly 
be able to determine the actual temperature and pressure, and 
hence the depth in the earth’s crust, at which a crystalline rock 
must have been formed Sorby pointed out that, by measuring 
the relative size of the cavity and the gas bubble m a liquid 
enclosure, physicists may arrive at a definite conclusion con 
cernmg the exact conditions of crystallisation Renard, on the 
other hand, would seek for the data required, by measuring the 
bulk of the crystals floating in the liquid of a cavity and com 
parmg this with the volume of the supersaturated solution in 
which they are suspended But our knowledge of the behaviour 
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of liquids and solutions at excessively high pressures and tern 
peratures is msufhcient to make calculations based on either 
kind of data of much practical value to geologists 

The cavities found in tho crystals of plutonic rocks are 
sometimes so minute and numerous that many millions of 
them must exist m every cubic inch of the rock In form, these 
cavities are very varied, sometimes they are most irregular and 
exhibit fine ramifications that communicate with one another , 
in other cases they present the crystal faces of the mineral in 
which they are enclosed —forming what mineralogists know as 
negative cr;ystals (see fig 680 , c, d, e, f) 

The holocrjstalline or granitic forms of rocks corresponding 
to the chief types of lavas are named as follows — 

Lava Rhyolite Holocrystallme form Granite 
,, Trachyte , „ Syenite 

„ Phonolite „ Elieolite syenite 

,, Andesite „ „ Diorito 

,, Tephnte „ „ Theralite 

„ Basalt „ „ Gabbro 

The commonest plutonic rocks. Granite, Diorite, and Gabbro, 
are tiioso which correspond to the most abundant lavas Rhyolite, 
Andesite, and Basalt 

In addition to the holocrystallme forms of plutonic rocks we 
find hypocrystallme or hemicrystallme varieties in which a 
less perfectly crystalline ground mass is present Many of these 
rocks, which are intermediate in structure between the ‘ granitic ’ 
and the lava like or ‘ trachy tic ’ forms, harve recen ed distmctn o 
names from petrologists Some varieties of plutonic rocks are 
named from the presence of a conspicuous mineral— either 
essential, accessory, or even secondary- while other types 
agam are distinguished by the nature and amount of change 
which the mmeials of the rock ha\ e undergone smet its first 
formation 

We have seen that the basic locks ha\e a higher density or 
specific gravity than the intermediate, and the intermediate 
than the acid rocks If a plutonic rock be melted and t ooled 
rapidly, it forms a glassy mass with a much lowei specific 
gravity than the crystalline rock from which it was produced 
The lavas have always a lower specific graiity than their 
plutonic and more highly crystalline counterparts Hence the 
determination of the specific gravity of an igneous rock with an 
inspection of its degree of crystallisation may enable us to draw 
a safe conclusion as to its chemical composition 

By exauiinmg a crystalline rock, especially m tbm sections 

i ii 
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under the microscope, we may determine the order in which 
the several minerals have crystallised out in a magma Most 
rocks exhibit minerals belonging to different ‘ periods of consoli 
dation,’ to use the term employed by French petrographers In 
Igneous rocks generally the order m which the several minerals 
have separated is that of ‘ decreasing basicity,’ as it has been 
defined by Rosenbiisch 

Firstly — Accessor> minerals like apatite, zircon, sphene, 
garnet, &c 

Secondly — Oxides of iron and titanium — magnetite, rutile, 
and titano ferrite 

Thirdly — The ferro magnesun silicates— oh vine pyroxenes, 
amphiboles, and biotites 

Fourihly — The iilnraino alkaline silicates 'Flu felspars in 
the following ordei inortlntc, labradorik andt sine, ohgot Use, 
albite, orthochse and anoithoclase, and tlu f« Up.ithnids 

Fifthly — Quartz 

But m certain cases this order appears to be subject to some 



modification Acid rocks sometimes sliow the (juaitz and felspar 
^ to have crystallised almost 

rip 681 

simultaneously, giving rise to 
the graphic or pegmatitic struc 
ture( 8 eefig 081 ), which when 
exhibited on a microscopic 
scale 18 known as micro 
graphic or micropegmatitic 
structure In basic rocks the 
augite has sometimes crystal 
lised after the felspars, and 
the basic mineral is seen to 
enclose lath shaped crystals of 
the more acid one , this gives 
„ , * n * r,. . 1*186 to the structure called 

coiouriess('r>sui 8 ari<iiiHrt!' the doucieii by the Ireiich petrographers 
mouidw/oiV tt^^iaUcT^ * ophitie,’ and by the Germans 

‘ diabasie ’ In some plutomc 
rocks the crystals form radial and globular aggregates like the 
spherulites of tlu lavas, and rocks with this peculiarity, such as 
the well known c orsitc, are said to exhibit an orhu iilai structure 


Acid Flutontc Books Oranlte and Its Varieties —The 
granites are holocrystalhne aggregates of felspai (in which ortho 
clastic vaneties always predominate over plagioclastic) with quartz 
and mica -the latter mineral being sometimes replaced by hornblende 
and, more rarely, by a pyroxene The orthoclastic felspai is usually 
allotriomorphic (that is, not bounded by its proper crystalline planes), 
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except when it occurs as phenocrysts or porphyritic constituents It 
IS often red or pink in colour, and more rarely green , it sometimes 
exhibits the microcline and perthite structures The plagioclastic 
felspar, usually white grey or greenish m colour, appears to be oligo 
clase or allied to that species The micas are sometimes black 
(lepidomelanc) and sometimes white, and when the two varieties 
occur together, the rock is spoken of as granite with two micas 
The white mica in granites is sometimes muscovite (muscovite 
granites), but bomctimes a colourless biotite The (juirt/ is almost 
always allotriomophic , it is usually colourless, but sometimes milky, 
while in rare cases it assumes a blue or smoky tint In the drusy 
cavities of granites, the crystals of the constituent minerals are found 
assuming then proper form (or becoming uUomorphic) The 
typical granites often contain two micas, one colourle&s and the 
other deeply coloured (see hg 683) 

Gustav Rose proposed to call the more basic granites, with a 
largo propoition ot pi igioclasc, by tlit name of giamtUc Rosenbusch 
applies tho same nanu to lotks in whicli biotite mica is piesont 
in considerable (jiiantities Hornblende or Araphibole granite (or 
granitite) is also usually i somewhat basicgranite Pyroxene granites 
contain a colourless or pale giecn augite oi a pale coloured and, 
rarely, a more ferriferous enstatite (hypersthene) , of the latter class 
IS the inteiesting Chainockite oi hypeisthene granite of India de 
scribed by Mr Holland 

Special accessory minerals, such as sphene, tourmaline, garnet 
cordierite, pyuto, sillimanite, andalusite, Ac , are present m many 
granites m considerable quantities, and vaiieties of gianite are 
named aftei these constituent minerals when they are present in 
sutlicient quantity to give a distinctive character to the rock 


I Ib bSJ 



Porph^ntic granite Cornwall 


Granites differ greatly in the degree of coarseness or fineness 
of gram The very coarse grained granites usually oceiii as veins 
in finer grained varieties, and are known as peqmatiUs , but this 
term is often applied by French authors to giaphic granites 
Granites are often lendeied porphyritic by large idiomorphic 
crystals of orthoelase felspar (see fig 682) 

Granites sometimes show an incipient foliated structure {gnexss 
granites) , at othei times they are orbicular in structuie, and not 
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unfreqaently contain blotches or spots of a different mineralogical 
constitution from the general mass 

Altered granites often contain much tourmaline (as in Luxullia 
nite) or fluor (as m Trowlesworthite), or topaz (as in greisen) 
When only felspar and quartz are present, the rock is called an 
aplite (haplite) , when the felspars aie replaced by muscovite and 
topaz we have the typical greisens Weathering, as ’well as deep 
seated chemical action, may lead to the kaolinisation of the 
felspars and the production of the ‘ china clay rock,’ from which 
the minute scales of kaolin can be easily separated by washing 
In less perfectly crystallised forms of granite, known as granite 
porphyries or micropegmatites (micropegmatitic granites), the fel 
spar and quartz usually show the intergrowths known as micro 
pegmatitic and pseudo spheruhtic, and they aie often also miaro 
litic or drusy m structure (see fig 684) Such rocks are called by 
Rosenbusch ‘ granophyres,’ but this term was originally employed with 
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Gmnite with two inicis from Aberileen 
The cletir cry stain ar( quartz, the 
clouilcd ones felspar, and the enatals 
with marked parillel clcavaKf- mi<a 
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a totally different signification by Vogelsang The niuroptgmatitic 
granites pass insensibly into the quartz felsites (‘ quartz porphyr ’ of 
German authors), in which the quartz is more or less idiomorphic and 
the ground mass is more or less micro crystalline These latter 
rocks are often quite undi&tinguishable from the stony rhyolites— 
especially when the latter have undergone some secondary devi 
trification 

Syenite and ite Varietlei —The name syenite was originally 
applied to a granitic rock containing hornblende like the material 
quarried at Syene, in Egypt, for the famous monoliths of that 
country Following German authors, however, petrographers have 
agreed to apply the name to granitic rocks in which quartz is 
absent or only occurs as an accessory constituent, while the ortho 
clase predominates over the plagioclase (see fig 686) Such rocks, 
consisting essentially of ortboclase and hornblende, are the analogues 
oi the trachytes among the lavas They exhibit all the varieties of 
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structure found in granites When mica (biotite) replaces the horn 
blende we have a mica syenite , when augite takes the place of 
mica, an augite syenite , and particular varieties are known as 
sphene syenite, 7ircon syenite, Ac , when sphene, zircon, Ac , are pre 
sent as conspicuous accessory minerals The less perfectly holo 
crystallme forms are known as syenite porphyry or orthoclase por 
phyry (‘ orthophyres ’) 

Dlorite and ita Varlotlea — Diorite (greenstone of the old 
authors) differs from syenite and granite in having plagioclase felspar 
present in such quantity as to predominate over orthoclase (see fig 
686) When, as is frequently the case, quartz is present in consider 
able quantities, we have a quartz dionte Tht felspar is usually oligo 
clase, but sometimes a more basic vaiicty The ferro magnesian 
mineral in common dionte is hornblende , when hornblende is replaced 
by biotite we have a mica dionte, when by enstatite we have an ensta 
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tite dionte Some authors employ the term augite dionte for a similar 
rock in which a monoclmic pyroxene replaces the hornblende It must 
be remembeied, however, that many hornblendic rocks are formed by 
the alteration of augitic ones, and such are distinguished by petro 
graphers as epuhontes All the peculiarities of structuie found in the 
granites are also seen m the diorites, which pass insensibly into ande 
sites as the granites do into ihyolites Some of the rocks intermediate 
in structure between the diorites and andesites are known to petro 
graphers as dionte porphyiies Rosenbusoh has applied Gumbel’s 
name of lamprophyres to rocks of this intermediate class, some having 
the composition of syenite, others of dionte, and all usually oocurnng 
m dykes To this class belong the ‘ mica traps ’ of English authors, 
the mvnettes or orthoolastic mica traps, and the kersanhtes or plagio- 
olastio mica traps with the rocks which Rosenbusoh calls campUmte 
(minettes with hornblende or augite) and vogesite (kersantites with 
hornblende or augite) 
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Wephellne Syenite and its Varieties Nephelme (or 
elflpotite) syenite contains the felspathoid nephelme (or its peculiar 
form elffiolite) in addition to the constituents of common syenite 
As has been shown by Brogger, a great number of very interesting 
accessoiy minerals often occur in these rocks They are the plutonic 
representatives of the phonolites 

Theralite and its Varieties —The name therahte has been 
proposed bj Rosenbusch for the somewhat rare rocks which resemble 
the nephelme syenites, but contain a plagioclastic instead of an 
orthoclastic felspar Wcniaj regard them as nephelme diontes 
Crabbros and their Varieties —These aie the plutonic repre 
sentatives of the basalts They are holocrystalline aggregates of 
plagioclastic feHpai (labiadoiite oi anoithite), aiigite (usually con 
verttd into diallage), and m ignetite oi titanofeiritc Olivine is also 
usually present (olivine gabbros, see hg 087) When the augite is 
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replaced by an enstatite (bypersthene) we liive hypeute oi norite 
Altered forms of gabbro are known as hornblende gabbio, and saus 
surite (or smaragdite ) gabbio Gabbros in which the olivine is quite 
wanting and the felspar is anoithite are called tuctUei), those of 
similar character m which the augite is wanting are called troLtohUs 
(‘ h orellenstem ’ oi trout stone) The gabbros exhibit all the struc 
tural varieties found in the gianites, and show every gradation into 
basalts The rocks mteiniediate m structure between gabbros and 
basalts are known as dolenta (See fig 088), or in their altered form 
as diabases Rocks of this class, m which the ophitic structure is 
very conspicuous, are called by French authors ophites 

While all the lavas have plutonic representatives, there appear to 
be some rocks of the latter class which were seldom if ever erupted 
at the surface as lavas 

‘ mtra-aeid Boolu ’—Veins and inclusions of rock consisting 
of quartz, or quartz with a little orthoclase felspar, are sometimes 
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found among deep seated rock masses, though rocks of this composi 
tion never appeared at the surface as lavas 

Ultra-basic ftocks — Other veins and intrusive masses are 
found composed of highly basic minerals only Those in which 
Olivine 13 the predominant constituent are called peridotites, particu 
lar varieties being known as aicgite , h(yrnblmidb , or rriKa picnte 
(see fig 689), dunite (or olivme rock), Lherzolite (olivine enstatite 
augite rock with picotite, Ac ), saxonite (augite enstatite rock), Ac 
Rocks which are made up of one or more species of pyroxene are 
called pytoxenites , those mainly composed of varieties of horn 
blende, amphibohtrs Some ultra basic rocks, like Cimberlandite, con 
sist largely of magnetite, and others, like eclogites, contain garnets 
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Rocks very rich in olivine, enstatite, augite, or hornblende aie 
leadily converted into serpentine (see fig 690) , and this altered form 
of the ultia basic rocks, exhibiting many interesting varieties, is found 
more comnonly than those rocks themselves 

The ultra basic locks arc of great mteiest to geologists owing to 
tlie analogies they present with the stony meteorites (aerolites) 
Portions of them are sometimes brought to the earth’s surface in 
the midst of basalts or other basic lavas , and, m the same way, 
masses of the alloys of iron and nickel, like those of the metallic 
meteorites (sideiites), are sometimes carried up fiom the earth’s 
interior in similar basaltic lavas, as in Greenland and New Zealand 
As the meteorites are small planets which have come withm the 
sphere of the earth’s attraction and lallen on its surface, their study 
18 of great interest to the geologist Their average density is about 
6 5, the same as that of the earth , they contain the same chemical 
elements as the earth’s crust but in a less highly oxidised condition, 
and may possibly afford us a clue in speculating as to the nature of 
the earth’s interior 
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STRUCTUHli AND OrflDlN OF PLUTONIC RO( K M VSSl S Till IR 
RFLATIONfs 10 K06RS OF VOLCANIC AND SFDIMfNTARY ORIGIN 

Plutonic Rocks can only be exposed at the earth’s surface by d( nud ition 
- Latest formed Rocks of this class never sec n at tlie surface— Relations 
of Plutonic masses to Voltanu extrusions — Pvamplcs in t!i"> Western 
Isles of Scotland and Antrim - h xamples in other irecs— Features ex 
hihited by Plutonic Rock iiiassc s —Forms produced by weatlieniiK — 
Veins and kes— Segrejration Veins— Result of sejjregfative action in 

Plutonic Rock masses -Inclusions and Veins —Differentiation m 
Igneous Ma^fmas and its results 

Why most Plutonic Bocks are of freat Geological 
Antiquity — As the jilutonic rocks have icquired their hi^'lily 
crystalline structure m consequence of havin^t consolulatid from 
fused niaj^mas Avith extreme slowness and under enormous 
pressure, it follows that thej could be formed onl^ at great 
depths within the earth’s crust This being the case, we cannot 
expect to see them exposed at the earth’s surface except where 
such an amount of denudation has taken place as to have 
removed the many thousands of feet of rock under which the 
crj stalline masses were solidified But this work of denudation 
being necessarily a slow one, it is clear that the chances of our 
finding plutonic rocks of ver> recent date, geologically speaking, 
are but small It is doubtless true that most of the higlil} 
crystalline igneous masses now' found at the oaith’s surface 
were consolidated at such a distant period, that it has been 
possible for the superincumbent rock masses, under which they 
were found, to be stripped away by the agency of denudation , 
and the further we go back m geological history the more 
numerous become the examples of such highly crystalline 
plutonic rocks exposed at the earth’s surface There is no 
reason for doubting, however, that, if we could penetrate man;y 
thousands of feet beneath tlie root-> of such volcanoes as Vultano 
and Vesuvius, we should find the ilivolites of the onegiaduatiiig 
through quait/ fclsites into gianite, and the hisalts of the other 
passing by easy transitions through dolerites into gabbro 

Bzample of the Western Xsles of Scotland.- There is one 
district, however, where (owing perhaps to the extreme amount of 
denudation which has taken place m late Tertiary periods) excep 
tional facilities are afforded to ns for studying the relations of 
plutonic to volcanic rock masses The old propyhtes and the 
gramtes which have been intruded mto them, forming the cores of 



CH XXXVI ] TERTIARY PLUTONIC ROCKS 


521 


the five great volcanoes of the Western Isles of Scotland, have been 
fissured in all directions, and through the fissures have come up 
great masses of basic lava In the narrower fissures these masses 
have consolidated to form dykes of basalt, m no respect differing from 
the materials which flowed out to form such abundant lava floods, 
deluging the whole country in all directions In some few cases the 
molten rock on the sides of these dykes has been cooled so rapidly, 
by contact with the rocks intersected, as to consolidate in the 
\ itreous form ot tachylyte or basalt glass But in the larger and 
wider fissures we find the basaltic magma, owing to slower cooling 
and greater pressuie, taking a more highly crystillmc form, usually 
assuming the ophitic structure and becoming a moic or less coarse 
dolerite In still wider fissures the doleiite is found passing into 
augite gabbros, and into typical gabbros in which the uigite has been 
converted into diallage —which is sometimes replaced by feiriferous 
enstatite or hypersthene, the rock then pissing into a norite These 
masses of gabbro ofterf contain much olivine , they are sometimes 
very coarsely crystalline, at other times granulitic, and occasionally 
foliated or gneiSsic in stiucture , and the fissures are in places so 
closely crowded together that masses of highly crystalline basic rocks 
are formed out of which the mountain masses of the Cuilin Hills 
and Blaven have been carved by denudation In chemical composi 
tion, and in the minerals they contain, the rocks forming the great 
lava streams are identical with those occupying fissures , it is mainly in 
the extent to which crystallisation has gone on in them that they 
differ Among the materials found in the fissures every stage of the 
crystallising process can be traced from the glassy tachylytes to the 
coarsest grained gabbro and norite, like that found around the famous 
Loch Coruisk 

In this case, of course, the direct connection of the individual 
lava streams with the dykes occupying the fissures from which they 
have issued, is no longer seen, owing to the great denudation to 
which these old volcanoes have been subjected But in some recent 
volcanoes, as shown by Abicli, we may actually see the lava occupying 
a fissure joined to and continuous with that which has flowed out as 
a stream at the surface (see fig fifi2, p I?*)) 

Szample In Antrim —In the Western Isles of Scotland the 
cases in which acid lavas (rhyolite, Ac) of the same age as the 
plutonic rock (granite) have been poured out m the district are 
neither numerous nor well displayed But in Antrim, as has been 
shown by the ofiicers of the Irish Geological Survey, the intrusion of 
gianitic rocks into the oldti basalts and other lavas was accompanied 
by the formation of at least one rhyolitic volcano, that of Taidree, 
which has been studied by Von Lasaulx, and moie recently by Pro 
fessor G A J Cole In this case we find perfectly glassj locks ‘ the 
pitchstone porphyiy’of Sandy Biaes -graduating into e very vaiiety of 
stony, and often banded and spherulitic, rhyolite This rock in turn 
passes into the very coarsely crystalline type known as ‘ Nevadite ’ 

On the other hand, there is found in the Mourne Mountains a 
true granite, like that of Arran or Skye, passing as m those dis 
tricts into the micropegniatitic and drusy rock (‘ granophyre ’ 
of Rosenbusch), and this into various forms of quartz felsite 
There can be little doubt that the officers of the Geological Survey 
are right m referring to the same period and the same great mam 
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festation of igneous activity the granitic locks of the Mourne 
Mountains and the rhyolite rocks of Tardiee And we thus see that 
the intimate relations between the plutonic and volcanic rocks 
of acid conipositition are scarcely less obvious and striking than 
those of the same two sets of rocks of basic composition as seen in 
Skye, Mull, Bum, and Ardnamurchan 

In other districts, the close relations between plutomc masses of 
diorite, syenite, cla olite syenite, Ac, and the volcanic andesites, 
tiachytes, phonolites, Ac , can be traced with more or less distinct 
ness But we have often to be content with piecing together 
different portions of the chain of evidence Plutonic locks of all 
classes are found graduating from perfectly viticous types into the 
most highly crystalline or granitic forms of identical composition 
On the other hand, tiue lavas that havf been poured out at the 
surface inav in the ceiitial portions of their largei masses lose all 
trace of scoriaceous or vitreous character and pass into crystalline 
varieties, undistinguishable from those of mtrusive plutonic rocks 
of the same composition 

General Features exhibited by Plutonic Aock-maases 

There are striking analogies between the general forms and rela 
tions of plutonic rock masses of different chemical composition 
Granites, syenites, diorites, gabbros, Ac, all exhibit similar stiuc 
tural forms, and the same relations with the stratified and other rocks 
among which they he Hence what we state with respect to 
granite in the following pages holds almost equally tiuc of other 
plutonic rock-masses, diorites, syenites, elaolite syenites, theralttes, 
and gabbros 

Granite often preserves a veryumform character throughout a wide 
range of territory, frequently forming hills of a peculiar rounded 
form, clad with a scanty vegetation It occurs frequently in vast 
masses in the midst of mountain ranges, and the metamorphic 
rocks, such as gneiss and mica schist, aie in contact with its flanks 
It may project as an important feature in the scenery, forming 


l-iK b91 



continuous and grand mountains, or only be noticed as lines of 
bosses which are evidently continuous with intrusive veins from 
a main mass While, as m Arran, granite sometimes forms 
craggy peaks, or, as in Skye, rounded or dome hke mountains, vast 
surfaces of the earth are covered by granite which does not rise 
into high mountains, but mamtains a rolling bossy outline like the 
Moor of Eannocb * 
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The surface of the rock is for the most part in a crumbling state, 
with harder bosses here and there, and the hills are often surmounted 
by piles of stones, or Tors, like the remains of a stratified mass, as 
in the annexed figure, and sometimes like heaps of erratic boulders, 
for which they have been mistaken (see fig 691) The exterior of 
these stones, originally quadrangular, acquires a rounded form by the 
action of air and water, for tho edges and angles waste away more 
rapidly than the sides Although it is the general peculiarity of 
granite to assume no definite shapes, it is nevertheless occasionally 
subdivided by fissures, so as to assume a euboidal and even a 
columnar structure Examples of these appearances may be seen 
near the Land’s End in Cornwall (Ste fig 692 ) 


Ii^ 6J2 



Tho face of the granite having disintegrated, and much of it 
having been carried off by wind, ram, and sometimes by streams, the 
highest point of the tallest toi or pinnacle represents a former level 
of the undenuded surface of the country, so that the piesent surface 
level on which the tor rests has been the result of the denudation of 
ages Other rocks have been worn away before the granite became 
visible, and it has become so by a vast process of natural uncovering 
In the instance of the more or less central granites of mountain 
chains the rock has participated in the movements which have 
crumpled and folded the crust of the earth, and have forced up 
deeply seated structures amidst great curvatures j^ubsequentlv, 
enormous denudation has laid the rock bare These lemarks hold 
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good for the other plutonic rocks , and it must be understood that 
where any of them have been discovered, they present the 
appearances of having been forced upwards as intrusive masses or 
veins The original rock underlying everything else has not been 
traced in position, and granitic veins are found m the lowest visible 
rock masses 

Oranltlo Veins —The close analogy in the forms of certain 
granitic and volcanic veins and dykes has been already pointed out , 
and it will be found that strata penetrated by plutonic rocks have 
suffered changes very similar to those exhibited near the contact 
of volcanic dykes Thus, in Glen Tilt, in Scotland, alternating 
strata of limestone and argillaceous schist come in contact with a 
mass of granite The contact does not take place as might have 
been looked for if the granite had been formed there before the 
strata were deposited, m which case the section would have ap 
peared as in fig 69 ^ , but the union is as represented in fig 694, 
the undulating outline of the granite intersecting different strata, 
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and occasional!} intruding itself in tortuous veins into the beds of 
clay slate and limestone, from which it differs so remarkably in 
composition The limestone is changed in character by the 
proximity of the granitic mass or its veins, and acquires a more 
compact texture, like that of hornstone or chert, with a splintery 
fractuie, and it effervesces buL slowly with acids 

The conversion of the limestone in these and many other 
instances into a siliceous rock, effervescing slowly with acids, 
would be difficult of explanation, were it not ascertained that 
such limestones are always impure, containing grains of quartz, 
mica, or felspar disseminated through them The elements of 
these minerals, when the rock has been subjected to great heat, 
may have been made to combine with the calcium carbonate But 
besides this, siliceous matter may be introduced during the hydro 
thermal action which accompanied the intrusion of the igneous 
mass 

In the platonic, as in the volcanic rocks, there is every grada 
tion from a tortuous vein to the most regular form of a dyke, 
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such as intersect the tuffs and lavas of Vesuvius and Etna 
Dykes of granite may be seen, among other places, on the southern 
flank of Mount Battook, one of the Grampians, the opposite walls 
sometimes preserving an exact parallelism for a considerable dis 
tance As a general rule, however, granite veins in all quarters 
of the globe are more sinuous in their course than those of vol 
canic rocks They present similar shapes at the most northern 
point of Scotland and the southernmost extremity of Africa, as 
the annexed drawings will show (figs 695, 696) 

It 18 not uncommon for one set of granite veins to intersect 
another , and sometimes there are three sets, as m the environs 
of Heidelberg, where the granite on the banks of the river Neckar 
18 seen to consist of three varieties, different in colour, grain, and 
various peculiarities of mineral composition One of these, which 
IS evidently the second in age, is seen to cut through an older 
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granite, and anothci, still newer, traverses both the second and 
the first In bhetland, according to Maceulloch, there are two 
kinds of granite One of them, composed of hornblende, mica, 
felspar, and quarts, is of a dark colour, and is seen underlying 
gneiss The other is a red granite, which penetrates the dark 
variety everywhere in veins 

big 697 IS a sketch of a group of granite veins in Cornwall, 
given by Von Oeynhausen and Von Declien The mam body 
of the granite is of a porphviitic structure, with large crystals 
of felspar , but in the veins it is fine grained, and without these 
large crystals The general width of the veins is fiom 10 to 20 
feet, but some are much wider 

The granites, syenites, diorites, felsites, and indeed all plutonic 
rocks, are frequently observed to contain metallic veins at or near 
their junction with stratified formations On the other hand 
Bunilwr veins which travel se stratified locks are, as a general law, 
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more metfllliferous near such junctions than m other positions 
Hence it has been inferred that these metals may have been 
diffused through the molten mass, and that the contact of another 
rock at a different temperature, or sometimes the existence of rents 
in other rocks m the vicinity, may have caused the transfer of 
the metallic compounds to their present situation 
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Veins oi pure qua are often found in granite, as in many 
stratified rocks, but t’ are not traceable, like veins of granite or 
lava, to large bodies o k of similar composition They appear 
to have been crack t>o which siliceous matter was infiltrated 
Such segregation, as' it is called, can sometimes clearly be shown 
to have taken place long subsequently to the original consolida 
tion of the containing rock Thus, for example, in the gneiss of 
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Tronstadt Strand, near Drammen, in Norway, the annexed section 
IS seen on the beach It appears that the alternating strata of 
whitish granitiform gneiss and black hornblende schist were first 
cut through by a greenstone dyke, about 2^ feet wide , then the 
crack a, b, passed through all these rocks, and was filled up with 

f 
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quartz The opposite waNs of the veins are in some parts in 
crusted with transparent crystals of quartz, the middle of the 
vein being filled up with common opaque white quartz 

When masses of granite approach, or are visible at, the sur 
face of the earth, their relations to the strata and rocks on all 
sides, and above, are often very difficult to understand The sur 
rounding rocks are often greatly altered in their stratification and 
mineral nature 

In many localities there are great extensions of granite far 
below the surface, which have only become known by the coming 
up of veins to the surface and the alterations which have oc 
curred m the rocks which have not yet been denuded off 

Results of Segregative Action in Plutonic Rock masses 
The tendency of the more basic minerals in rocks to crystallise 
before those of acid composition, and of the still fluid materials 
to separate from the crop of earlier formed crystals, may gi\e ri',e 
to a wint ot homogeneous character to igneous lock masses 
Rut in addition to this action there can be little doubt that, in 
many cases, the masses of fused silicates containing water and 
gases tend to break up into magmas of different composition 
density, and fusibility In addition to the composite dykes formed 
by the injections of fissures in an older dyke with later materials 
of different chemical composition, there is another class of com 
posite dykes (which has been specially studied by Professors Vogt 
and Lawson), in which segregative action has clearly operated upon 
the liquid materials after they have filled the dyke, and caused the 
rock occupying its centre to have a different chemical composition 
and mineralogical constitution from that forming its sides 

The same kind of action, as has been shown by Mr Marker, 
takes place in plutonic intrusions of much greater dimensions 
than dykes, and has been described by that author as occurring 
at Carrock Fell Most granitic and other plutonic rocks are also 
found to contain inclusions or irregular patches of different che 
mical composition from the general mass of the rock These m 
elusions, as shown by the late John Arthur Phillips, belong to 
two distinct classes Wo sometimes find fragments of schist and 
other rocks which have clearly been caught up in the liquid mass 
during its intrusion, and we can detect every gradation from frag 
inents in which the sedimentaiy origin is obvious to others which 
have suffered such complete fusion and recrystallisation as to betray 
no signs of then origin On the other hand there are inclusions 
which have undoubtedly been formed by segregative action going on 
in the consolidating magma , such ‘ segregative inclusions ’ usually 
consist of the same minerals as form the mass of the rock, but 
in different propoitions , sphene and the more basic minerals, bio 
tite and hornblende, are especially abundant in these segregative 
masses, which are sometimes found only half enveloping a large 
‘ phenocryst ’ of the rock, while they occasionally exhibit an orbi 
cular structure 

The older geologists also noticed the profusion of veins, often 
breaking up into the most minute ramifications, which traverse 
many plutonic masses In some cases, like the veins of almost 
pure quartz, there can be little doubt that their existence must be 
due to the Assuring of the rock mass and the infilling of the fissures 
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with materials ‘ leached out ’ from the general mass, probably 
before its complete consolidation In many cases these veins 
betray very close analogies in chemical and mineralogical character? 
with the segregation inclusions of the same rock Hence the old 
geologists spoke of these veins as ‘ contemporaneous ’ or ‘ segrega 
tion \eins ’ It must be remembered, however, as pointed out by 
Professor Sollas, that siuh veins often differ in no essential 
character from true intrusive veins, and that many of the so called 
‘contemporaneous segregation veins ’ may really be of ‘ subsequent 
intrusive origin ’ 

The marked tendency of the volcanoes of a particular ‘petro 
graphical province ’ to exhibit a distinct order in the materials 
ejected at successive periods of eruption also points to a segrega 
tive action going on in the plutonic magmas which supplied the 
volcanoes (see p 488) Physicists have suggested several distinct 
causes as leading to this differentiation m the masses of mixed siIi 
cates which constitute the igneous magmas 


( HAITI- U XXWIl 

PLUTONIC ROCKS Rl* LONGING 10 DHFEIU M G1 OLOUltAL PIRIODS 

Plutonic Rocks were fonned during the whok ot th( gtological periods- - 
Those of the most recent period seldom exposed at the surface by de 
nudation— Test of the geologic ilageof Plutonic rook masses— Relative 
position— Intrusion and Alteration — Mineral composition— Included 
fragments- Tertiarj Plutoine Rocks of Western bcotland— Nortli East 
Ireland— Elba, Ac— Difiiculty of ckteiiinnnig the age of Plutonic 
Rock masses in Mountain chains— Plutonic Rocks of tlu Cn taceous— 
the Jurassic— tlie Carboiuterous- the Ordoi leiau— and Pre Cambrian 
Periods 

On the different afee of the Plutonic Rooks —It has been 
stated that the plutonic rocks were formed under greater pressure 
than the volcinic, and that the pressure appears to have been 
produced by the weight of superincumbent rocks, and by com 
piession and crushing accompanymgrotk folding and fracture It 
may be that granite and similar materials underhe the deepest 
known strata, and that, under special conditions, they have been 
forced upwards and have cooled and assumed the crystalline form 
Although the volcanic rocks resemble the plutonic m their general 
mineralogical constitution, yet it must be remembered that the 
rhyolites, andesites, and basalts occasionally contain minerals or 
associations of minerals, differing slightly from those found in 
gramte, diorite, gabbro, and other typical plutonic rocks 
If granites and similar rocks can only be formed as the 
pf slow cooling and the pressure of many thousands of 
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feet of supermouiubent material, it follows, as we have already 
pointed out, that only where a suflicient time has elapsed since 
their consolidation for the removal of these thick overlying 
masses by denudation, can we expect to see such highly 
crystalline masses exposed at the surface Such being the case, 
wo shall now proceed to show that inasmuch as wo can never 
expect very important aid from fossils iii determining the age 
of a plutomc rock, there is even greater uncertainty m arriving 
at ]ust conclusions concerning the periods at which rocks of this 
class were formed, than in the case of rocks of volcanic origin 
Testofasreby relative position — Unaltered fossihferous 
strata of every age are met with reposing immediately on plu 
tome rocks, as at Christiania in Norway, where the Pleis 
toceno deposits, and at Heidelberg on the Ncckar, and Mount 
Sorrel in Leicestershire, where the New lied Sandstone forma 
tions rest on granite In these, and similar instances, mferi 
ority in position is connected with the superior antiquity of 
granite The crystalline rock was solid before the sedimentary 
beds were superimposed, and the latter usually contain rounded 
pebbles of the subjacent granite, but the latter nevoi gives off 
veins into the rocks above 

Test by Intraslon and alteration — But wlicn plutomc 
locks send off veins into the sedimentary sti.ita, and have 
altoied them near the planes ot contact, it is clear tint, like 
intrusive volcanic rocks, they are newer thin the strata which 
they have mv idcd ind altoiea Examples of the application of 
this test will be given m the sequel 

Test by mineral composition —Sometimes a pcculiai 
mineral condition distinguishes a plutomc rock, and is found 
prevailing thioughout an extensive region, so tliat, having 
ascertained the relative age of the lock m one place, we can 
recognise its identity in others, and thus determine from a 
single section the chronological relations of large moimtain 
masses Having observed, for exampfe, that the syenite of 
Norway, in which zircon and other peculiar minerals abound, 
has altered the Silurian strata wherever it is in contact, we do 
not hesitate to refer other massts of the same /ircoii syenite in 
the south of Noivva> to a post Silurian d ite But too much 
lehaiice should not be placed on mineral character as a test of 
age, again and again have conclusions concerning the .ige of 
rocks, based on mmeral characters only, proved to be untrust 
worthy 

Teat by Included Araymente —This criterion can only be 
of value in particular oases, because the fragments included in 
granite are often so much altered, that the) cannot be referred 

* uu 
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with certainty to the rocks whence they were derived In the 
White Mountaiiih, in North America, according to Professor 
Hubbard, a granite vein, traversing granite, contains fragments 
of slate and otlier rocks which must have fallen into the fissure 
when the fused materials of the vein were injected fiom below, 
and thus the granite is sliovii to bo newer than those slaty and 
other formitions fioin which the fragnunts were derived 

Tertiary Plutonic Rookv -At man> different points in the 
Hebiides, as in Skve, Mull, Rum, St kilda, ttec , gicat masses 
of granite and gabbio occur m close issoci.ition witli the 
Tertiai> volcanic rocks already described Dr Maccnlloch 
bliowed that the gianites of Skye intersect limestone and shale 
which are of the age of the liias 

Maccnlloch also pointed out that the granite and gabbio of 
the Iniici Hebrides are newer than the second iry strati of these 
islands, and Edward Forbes afterw'ards showed that in Mull 
there are strong grounds lor believing the \oltamc loeks so mti 
mately assoeiitod with the granites andgabbros to bi of Tertiary 
age Professoi Zirkel has demonstrated that the groit moun 
tain masses of intinsive rocks, both in Mull ind Skye, consist 
of grinite and gahbro, which diller in no essential rtspeet 
fiom tlie granites and gabbros belonging to tlie older geologic il 
pciiods in Skve, these gabbtos aii seen in the remarkable 
Cuilin Hills, which au so famed foi llieir wild and majistie 
scenery And listl), it his been shown that the great moun 
tain groups iii the Hebridis, composed ol granites and gabbios, 
constitute the relics of five giand volcanoes which W'crc in 
eruption during a greit part of the Tertiary penod, tlit oarliei 
formed masses of granite being intiuded into a series of andisitic 
and other lavas probabi y of Eot ene age , while the gabbros, which 
break through tlie granites, are tlie consolidated reservoirs 
and ducts that gave rise to the gre it streams of basaltic lava 
of somewhat later age, constituting the plateaux loinimg so 
large a portion of the Hebndean Archipelago These researches 
show that the Western Isles of Scotland afford a most admirable 
and instructive senes of illustrations -not only of the intimate 
connection between the rocks of the voleanic and the phitomc 
classes respectively— but at the same time ol the jieifect identity, 
m their nature and seipience, of the phenomena of voleanic 
activity during former periods of the earth s history and those 
which an evlubited to us at the present da} Theie are the 
strongest grounds for believing that the gianites of Arran and 
those of the Moiirne Mountains m Ireland are of the same age 
as the granites of Skye, Mull, Rum, &c 

It has been shown by Lotti that the granites and diabases 
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(or gabbros) of the Island of Elba are like thosse of oui own 
Hebrides, of older Tertiary age 

In a former {)i,rt of this volume (p 229) the great N iimmulitic 
formation of the Alps and Pyrenees w as referred to the Eocene 
period, and it follows that vast movemc its which have raised 
those fossdiferoiis rocks from the level of the sea to the height 
of more than 10,000 hot above its level have taken place since 
the commencement of the Tertiarj epoch Hcic, therefore, if 
anywhere, wo might expect to hnd h)pogene formations of 
Eocene date breaking out m the central axis or most disturbed 
region of the loftiest chain m Europe It vv as believed the 

older mv< stigitors, and is still credited by some giologists, that 
ill the Swiss Alps even the Jlynch, or upper portion of the Niim 
ninlitic senes, has been occasionally mv vded by plutonic rocks, 
and converted into crvstaliine schists of the hypogene class It 
is stitcil that even the granite or gneiss of Mont Bhnc itself 
his been in a fused or pasty stite bince thc/y?r/i was deposited 
at the bottom of the sea , and the (]uestion as to its age is not so 
much whether it be a sccondaryor tertiary granite or gneiss 
as whetlicr it should be assigned to the J’oeene or Miocene 
epoch 

But the student must alwavs b( on his guaid against 
receiving stitements 1 C gliding the age of granite s in disturbed 
ireas, such as those of mountain chains For inversions of 
stiata m such situitions are excoedingU common, and on the 
grandest scab' 

Plutonic Rocks of the Cretaceous Period It will be 
shown m a following chapter that the Chalk and the Lias have 
been alteiccl by granite in the 
eastern Pv renees \\ hether such 
granite be Cretaceous or Tertiary 
cannot easily be decided blip 
pose 6, c, d, hg 699, to be three 
members of the Cretaceous 
series, the lowest of which, I, 
has been altered b> the granite 
A, the modifying influence not 
having extended so fai as t, oi having but shghth affected its 
lowest beds Now it can rarely be possible for the geologist to 
decide whether the beds il existed at the time of the intrusion 
of A, and alteration of b and c or whether they were subse 
quently thrown down upon c But as some (Cetaceous and 
even Tertiary rocks have been raised to the height of iiioi e than 
9,000 feet m the Pyrenees, we must not assume that plutonic 
formations of the same periods may not hav e been brought up 
• mm2 
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and exposed by denudation, at the height of 2,000 or 8,000 feet, 
on the flanks of that chain 

Vlutonlo Socks of tke Jurassic Peiiodi — In the Depart 
ment of the Hautes Alpes, in Fraiu e, M Elie de Beaumont 
traced a black argillaceous limestone charged with Belemnites 
to w ithin a few yards of a mass of granite Here the limestone 
begins to put on a granular texture, but is extremely fine 
grained When nearer the ]unction it becomes grey, and has a 
saccharoid structure In another locality, near Chaiiipoleon, a 
granite composed of quart/, black mica, and rose coloured 
felspar, is observed partly to overlie the secondary rocks, pro 
duemg an alteration which extends for about 60 teet downwards 
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diminishing m the beds uinth lu farthest from the granite 
(see fig 700) In the altered mass the argillaceous bods are 
hardened, the limestone is saccharoid, the grits qiiart/ose, and 
in the midst of them is a thin layer of an imperfect granite It 
IS also an im]>ortarit circumstance that near the point of contact 
both the granite and the secondary rocks become metallifprous, 
and contain nests and small veins of blende, galena, and iron 
and copper p> rites The stratilicd rocks become harder and more 
crystalline, but the granite, on the contrary, softer and less 
jierfectly crystallised near the junction Although the granite 
18 incumbent m the above section (fag 700), we cannot assume 
that it overflowed the strata, lor the disturbances of the rocks 
are so great m this part of the Alps that their original position 
w often inverted The age, therefore, of the gramte is doubtful 
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Vlutonlc Rooks of tke Triasslo Period —The great 
intrusive masses consistmg of ‘ monzomte ’ (augite syenite), 
tourmaline granite, hyperathene dolerite, and other rocks, so 
w ell exhibited at Predazzo in the Tyrol, are now known to be 
of Upper Triassic age The general relations of these rock 
masses are represented in fig 701 Both the acid and basic 

Fik 701 
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rocks show that general dip towards the centre of the mass 
which 18 so commonly seen beneath volcanoes when the under 
lying rock masses are exposed by denudation In the lime 
stones m contact with the great intrusive rock masses, beautifully 
crystallised minerals are found of precisely the same species 
as those ejected from Vesuvius and other recent \olcamc vents 
Plutonic Rooks of tbe Carboniferous Period —The granite 
of Dartmoor, in Devonshire, was formerly supposed to be one of 
the most ancient of the plutomc rocks, but is now ascertained to 
be posterior in date to the Culm measures of that county, which 
from their position, and as containing true coal plants and 
Trilobites of the Phillipsia gioup, are now known to bo membeis 
of the Carboniferous senes This granite has broken thioiigh 
the Devonian and Carboniferous stratified foi matrons, the sue 
cessive membeis of the Culm measures abutting against the 
granite, and becoming metamorphosed as they approach it 
These strata are also penetrated by granite veins, and dykes, 
called ‘eh ails’ The granite of Cornwall is probably of the 
same date, and therefore as modern as the Carboniferous 
strata, if not newer 

Plutonic Rooks of tbe Ordovioian Period —It has long 
been thought that a very ancient granite near Christiania, in 
Norway, is posterior in date to the Ordovician strata of that 
region, although its exact position in the Palseozoic series cannot 
be defined Von Buoh first announced, in 181 d, that it was of 
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newer origin than certain limestones contammg Orthocerata and 
Trilobites The proofs consist in the penetration of granite veins 
into the shale and limestone, and m the alteration of the strata, for 
considerable distances from their planes of contact with these 
1 eins and with the central mass from which lliey emanate (See 
fig 702 ) When the pinctions of the strata and the granite are 
carefully examined, it is found that the plutomc rock intrudes 

Fig 702 
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itsdf m \einR and nowhere coders the fossiliferous strata in 
large o\erl^ing misses, as is so eommonl) the cise with 
volcanic formations 

Now tins granik, whidi is moio modern tli ui tlie Oidovician 
strata of Non\a\, also sends \eins into an iniinit formation of 
gneiss of the same country, and the relations of the plutomc 
rock and the gneiss, at their junction, are full of interest when 
we duly consider the wide difference of (])odi whiih must ha\e 
separated their oiigin 

The length of this interval of time is attested by the following 
facts — Tlie fossihfcrous, or Silurian beds nst uneonfornialdv 
upon the trumated edges of the gm is«, tlu inclined massis of 
which had lieen denuded before tlie s('dimentar> beds were 
BuperiDi posed (sec fig 70-1) The signs of denudation arc two 
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fold first, the surface of the gneiss is seen occasionally (on the 
removal of the newer beds containing organic remains) to be 
rounded and water worn , secondly, pebbles of gneiss have been 
found in some of these Silurian strata Between the origin, 
therefore, of the gneiss and the granite there intervened, first, 
the period when the masses of gneiss were denuded , secondly, 
the period of the deposition of the Silunan strata on the de 
nuded and inclined gneiss, a The granite produced after this 
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long interval is often so intimately blended with the gneiss at 
the point of junction, that all distinction is arbitiary The 
whole of these rocks have been since studied with great thoiough 
ness by Professor Brogger, who lias confinned the conclusions 
of his predecessors concerning their general relations 

Pre-Cambrian Plutoric Rocks — Granite appears to have 
been intruded into the metamorphic rocks which are the lowest 
in the South Wales area— the Dirnttian of Dr Ilicks, and it is 
possible that the \eins of it did not pass bi'yond this lowest 
horizon Tin Jj( wisi m or Fundament il gneiss of Scotl ind con 
tains many plutonu locks which uc ccitnnly older, not only 
than the Camhiun stiati, but thin the Tonidon Sandstone 
which undeihfcs them The ini estigations ot the geological 
suneyois m ScotUnd b id to the conclusion, indeed, that m the 
northern portion of the Western Ilighl iiuls, the Fundamental 
gneiss sc lu s consists almost wholh of plutomc rock masses, moie 
ot less iltorcd !)> the shearing inoiements to which they ha\e 
been subjected In addition to the hornblendic gneiss, which 
is the predominant rock, we find Amphibolites and Pyroxenites 
(Augite rocks and Hypcisthene aiigite rocks), Py roxene gneiss 
and granuhtc, and many garnet bearing rocks The whole of 
these ancient plutomc rock masses are traversed by numerous 
dv kes of ev ery age, up to the Tertiai y 

The Laurcntian rocks of Canadi have numeious veins and 
dykes of diabase, sometimes of great width, ind they aie cut 
across by extensive masses of syenite, with veins of reddish 
brown poiphvntic fclsite These intrusive locks appeal not to 
entei Ihe siipti imposed Silurians But it is very evident that 
inanv ot the ciuptive rocks found m the pie Cambrian foima 
tions lie of latei age, and were erupted during the Devonnn 
or Caihoni broils age 

The mtinsioij ot plutomc rocks into the gneisses and miea 
schists of Areluran and snbsecjiu'nt ages is exceedingly m 
tcresting, especully when fragments ot the schistose locks 
are found included in the plutomc masses Very frecpiently theie 
IS great dithculty in determining whether a rock is a true gneiss 
or a granite, showing parallel arrangement of its crystals, 
produced by pressuie during consolidation Genet al McMahon 
has shown that some of the gianites ot the Himalayas, which 
give off numeious veins into the surrounding rocks, neveitheless 
exhibit a marked foliate d or gneissic structure 

On tlic following page we have given in tabular form a series 
of analyses of volcanic and plutomc rocks, winch will illustrate 
the intimate relations which exist between the two great classes 
of Igneous products 
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Tlip student will find the plu 
tonic rocks fully described in the 
treatises of Rosenbusch and Tirkcl, 
and in the English t( xt books of 
Rutley, Hatch, and Harker, aln ady 
referred to Illustrations and de 


scriptions of the most important 
types of plutomc rocks in this 
country are published in ‘Teall's 
liritish Petiography Valuable 
stnesof rock analyses will b< found 
111 tin works of Justus Roth 
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PART V 

MKT AMORPHIC ROCKS 

CHAPTER XXXVTII 

MU \M()RPHIC R()( hS, IHUH NATUKf AND ORIGIN 

Cniitart M( tiunorphism aiid Rt^rional Metamorphism— Tht rmo metamor 
phmm and Hydrothormal ution — Dynamo me tamorphinm — D)ff^rpnt 
results of Metamorphic action —Ret»ear(hes of Daubree and others on 
Thermo metamorphicandHydrotheunal action— Dynamo metamorphic 
action and its results— Slaty cleavage— Its nature and origin — Invest! 
gations of Phillips, Sharpe, Sorby, &c — Experimental proofs of origin 
of slaty ckavage— Foliation, its nature and ongin— Relations between 
Cleavage and Foliation— Experimental researches of Daubree, Spring, 
and others upon the action of pressure m producing Metamorphism 

irature of Metamorpblo Rocks —We have now considered 
all the classes of rocks, except the last group, which comprises 
those called Metamorphic, and which result from great alteration 
taking place in other rocks The term Metamorphic implies that 
rocks have undergone changes of chemical, inmeralogical, and 
textural kinds, and that their internal structure and outward 
appearance no longer resemble those of the original rock Such 
changes and alterations as are sufticient to produce a kind of 
metamorphisni may be studied at the present day in volcanic 
regions, such as Iceland, or near Naples The flowing of lava 
over soil, or into streams or small lakes, produces alterations m 
the clays and sands, which are baked by the heat and are 
sometimes infiltrated with siliceous solutions altering them 
chemically and mechanically Similar changes occurred under 
analogous circumstances in past geological ages Thus, m 
examining the sides of dykes and other plutomc masses, as has 
been already pointed out, very striking evidence is often 
detected of the action of heated lavas upon the clays, sandstones, 
or limestones with which the igneous masses have been m 
contact These may be taken as examples of local, or contact, 
metamorphism, but on examinmg the rocks in the midst of 
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great mountain chains— Blates, schists, quart7ites, crystalline 
limestones, gneisses, &c , — they are found in positions where 
originally honzontal rocks have been subjected to the weight 
of superincumbent rock masses, to intense lateral pressure, 
to heat, and to the action of percolating gases, and of water 
holding A arious materials in solution Such rocks, which are 
said to haie undergone ‘regional metamoiphism,’ are found 
over great tiacts of country The mountains of Cornwall, 
North Wales, and the Lake district, illustrate the phenomena of 
metamorphism, but examples of still more hif^hly altered rocks 
are found m the Alps, the Scmdinavian penmsuh, and the 
North Westein Highlands of Scotland, where the results of 
the extreme action ot this ‘regional’ metamorphism are tnlly 
exemplihed 

There are thus two clsssrs of metamorphic rocks, recognised 
by geologists, tliose whuh liaie been locally affected by the 
contact of plutonic and \olcanit rock masses, and those which 
ha\ e been exposed to more general action— the agencies of heat 
and pressure operating over wide areas, and probably at great 
depths from the surface We speak of the metamoiphic action 
m the first class of rocks as ‘ contact ’ or ‘ local metamorphism ’ 
and in the second as ‘ general ’ or ‘ regional metamorphism * 

From a study of the ultimate chemical composition of the 
different varieties of metamoriihic rocks (see table, p 688), it is 
obvious that metamorphic action has not been restricted to any 
one class of rocks , but that sedimentary strata, volcanic lavas 
and tuffs, and the materials of plutonic intrusions must alike 
have undergone great changes, and are now exhibited to us under 
verj different aspects from Ihose which they originally presented 
There is probably no class of aqueous or igneous materials which 
is not represented among the metamorphic rocks by masses of 
material which— differing little if at all from them m ultimate 
chemical composition— have nevertheless had the whole of 
their constituents recombined and recrystallised 

Different kinds of Metamorphic action — The two great 
agencies concerned in the production of metamorithism are 
heat and pressure The effects produced by heat alone we 
speak of as Thermo metamorphuviy or, recognising the great 
influence exerted by the presence of water and gases m these 
heated masses, we often refer to it as hydtotheimal action 
The action produced on rocks by pressure we call Dynamo 
metamorphism Though it may be convenient to speak of 
these two kinds of metamorphic action as distmct from each 
other m their nature and their effects, it must be remembered 
that in most cases thermo metamorphism and dynamo 
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metamorphism co operate in producing the characters found m 
metamorphic rocks 

In local or contact metamorphism, though the chief agent of 
change appears to have been the heat emanating from the 
plutonic intrusion, yet pressure must have operated m increasing 
the chemical action of the water and gases imprisoned in the 
rock undergoing alteration, or passing into it from the igneous 
mass with which it was in contact 

In regional metamorphism, dynamo metamorphic action 
usually appears to have played a much more important part 
than in contact metamorphism The researches ^vhlch have 
been made in the distribution of underground temperature 
(see p Id) rendered it highly probable, if not absolutely certain, 
that at a depth of 10,000 leet, or two miles from the surface of 
the earth, the rocks ot the earth’s crust must have a tempera 
ture of at least 212° F 

During the groat movements to which the strata of regions 
now occupied by mountain chains have been subjected, sub 
sidences ot 10,000 teet and ot even five times that amount have 
been common occurrences, and similar downward movements, 
as we have already shown, must have accompanied the 
deposition of many thick masses of sedimentary rocks, such, for 
example, as those of the Carboniferous system Hence it is 
certain that many of these rocks have been subjected to 
temperature vailing from that of boiling water to that of red 
hot iron 

A very simple calculation serves to show that rocks, when 
buried at the depth ot 10,000 feet from the surface, are subjected 
to a pressure of about 17 tons to the square inch, and that 
there is a progressive increase of pressure in descending to still 
greater depths This pressure, produced by the weight ot supei 
incumbent rock masses, wo may speak of as statical pressure , 
Its effects are seen in the liquefied gases which, as we have pointed 
out, are found imprisoned m the cavities of deep seated plutonic 
rocks, and in the water and gases occluded in volcanic rocks, 
which are given off into the atmosphere when the lava issues 
from a vent and the pressure is relieved The effects ot these 
statical pressures are testified to by the condition ot the minerals 
of all rocks which, at any period of their history, have been 
deep seated The chemical changes, which these rock forming 
minerals have undergone, show that they must have been com 
pletely permeated by liquids and gases which, under the enor 
mous pressures, were forced between the molecules of the solid 
crystals 

Of tar greater intensity and effect, however, are the pressures 
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produced when great rock masses are bent, folded, crashed, and 
broken across, during earth movements such as those which are 
concerned in making mountain-chains Under these conditions 
we find that pebbles of the hardest rocks are sometimes thrust 
against one another with such irresistible force as to mutually 
bruise and indent one another {impressed pebbles ) , rock sur- 
faces are ground against one another so as to produce polished 
and striated faces (shcJcensides ) , and solid materials broken into 
angular fragments (fault-rock) or reduced to the finest powder 
(mylonites) The remarkable and chemical effects produced by 
this dynamic il action we shall presently consider m guatcr 
detail 

Different ways In which Socks have been affected by 
Metamorphlc action — It may be askt d, then, whether all 
rocks uhich luu( been biirud under the same thicknesses of 
superincumbent strita evhiliit likf iffetts of inctamorpliic 
action A litth reflection will show that tin re are examples of 
strata like tin limestones, grits, and coal measiirfs of the 
Carboniferous system — which must have been long buried under 
many thousands of feet of superincumbent rock, but m which, 
nevertheless, the changes produced have been remarkably small, 
and of others which, under like conditions, have undergone the 
most mtenso alteration accompanied with complete recrystal 
lisation of their materials 

Under these circumstances, therefore, it may be desirable to 
inquire a little more particularly how the several agencies— 
heat and pressure— really operate m modifying the characters 
of rock masses 

It 18 in rocks which have been subjected to contact 
metamorphism that we can best study the direct action of luat 
m producing chemical change and recrystallisation of their 
materials Bocks that have been subjected to regional meta 
morphism, on the other hand, best exemplify the effects of 
pressure, acting either alone or m combination with thermal oi 
hydrotheimal agencies 

Thermo metamorphlsm, or Hydrothermal action — As all 

rocks contain water, it must have influenced their metamorphism 
under heat and pressure, and its agency would be enhanced by the 
presence of various substances held in solution In local metamor 
phism, water is introduced in excess from the intruded or overflowing 
volcanic rock, and also various chemical compounds in solution, 
with gases which act upon the surrounding strata In regional 
metamorphism the excess of water does not appear to have been 
necessary, the onginal amount already contained in the rocks pro 
bably being sufficient But hydrothermal action— that is, the 
influence of heated water containing dissolved solid matter, and 
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also gases, like hydrochloric acid and carbon dioxide, in solution 
—18 recognised as a potent factor in metamorplusra 

Thus it is known that long after volcanoes have spent their force, 
hot springs continue to flow out at various points in the same area 
In regions also subject to violent earthquakes such springs are 
frequently observed issuing from rents, usually along lines of fault 
or displacement of the rocks These thermal waters are most 
commonly charged with a variety of dissolved ingredients, and 
they retain a remarkable uniformity of temperature from century to 
century A like uniformity is also found in the nature of the 
solid and gaseous substances with which they are impiegnated It 
IS well ascertained that spnngs, whether hot or cold, charged with 
carbon dioxide, and with sulphuric, hydrochloric, boric, or hydrofluoric 
acids, which are often present m small quantities, are powerful 
causes of decomposition and chemical change in rocks through 
whieh they percolate 

The alterations which Daubr6o has shown to have been produced 
by the alkaline waters of Plombi^res in the Vosges, are especially 
instructive These waters have a temperature of IbO'^ F , or an excess 
of 109° above the average temperature of ordinary springs in that 
district They were conveyed by the Romans to baths through long 
conduits or aqueducts The foundations of some of their works 
consisted of a bed of concrete made of lime, fragments of brick, and 
sandstone Thiough this and other masonry the hot waters have 
been percolating foi centuiies, and have given rise to various 
zeolites -Apophyllite and Chaba/ite unong others -also to Calcite, 
Aiagonite, and Iluorspir, together with siliceous mineials, such as 
Opal— all found in the inteispaces of the bricks and moitar or 
constituting part of their rearranged materials The amount of 
heat brought into action in this instance m the eouiseof 2,000 years 
has, no doubt, been enoimous, but its intensity, or the tempeiaturc 
developed at any one moment, has alwiys been inconsideiable 

From these facts and from the experiments and observations of 
Senarmout, Daubree, Delesse, Seheerer, Soiby, Steny Hunt, and 
others, we are led to infer that when there are large volunus of 
molten matter in the earth’s crust, containing watei and vaiious 
acids, even m excessively minute quantities, heated undei pussuie, 
these subteiranean fluid masses will gradually part with their heat 
by the escape of steam and various gases through fissures, producing 
hot springs , oi by the passage of the same through the substance 
of the overlying and injected rocks Even the most compact rocks 
may be regarded, before they have been exposed to the air and dried, 
in the light of sponges filled with water According to the expeu 
ments of Henry, water, under a hydrostatic pressure of 9b feet, 
will absorb three tunes as much caibon dioxide as it can under the 
ordinal y pressure of the atmosphere There are ethei gases, is well 
as the carbon dioxide, which water absorbs, and moie rapidly in 
proportion to the amount of piessuie The water acts also by its 
aftmity for various silicates, which are hydrated oi decomposed 
Quartz can be produced imdei the influence of heat by w iter hold 
mg alkaline silicate^ in solution, as in the case of the Plombidres 
springs The quantity of water required, according to Daubrbe, to 
produce great transformations in the mineral structure of rooks is 
very small As to the heat required, silicates may be produced m the 



542 


DYNAMO-METAMORPHISM [ch xxxvii 


moist way at about incipient red heat, whereas to form the same in 
the dry way requires much higher temperatures 

M Pournet, in his description of the metalliferous gneiss neai 
Clermont, in Auvergne, states that all the minute fissures of the rock 
are quite saturated with free carbon dioxide, which gas rises 
plentifully from the soil there and in many parts of the surrounding 
country The various mineials of the gneiss, with the exception of 
the quart?, aie all softened , and now combinations of the acid with 
calcium, iron, and manganest are continually in progress 

The effect of subterranean gases on rocks is well illustrated in the 
neighbourhood of St Calogero, in the Lipari Islands, where the hoii 
zontal strata of tuff foiming cliffs 200 feet high have been discoloured 
m places b^ the jets of steam, often above the boiling point, called 
‘ stufas,’ issuing from the fissures, and similai irist inces arc recorded 
by Virlet of the coirosion of rocks neai Coiinth and b> Daubeny 
of the decomposition of Irachytic rocks by sulphuretted hydrogen 
and hydrochlonc acid gases in the Solfataia, mar Naples In all 
these instances it is clear that the gases must have made their 
way through vast tliickaesses of poious or hssuied rocks, and their 
modifying influence nuy spread through the crust for thousinds of 
jards in thickness 

It has been urged as an argument against the metamorjihic 
theory, that rocks have a small power of conducting heat, and it is 
true that when diy they dillei remarkablv from metals m this 
respect 'Ihe syenite of Noiway has sometimea dteied fossihfcrous 
stiata both in the diieetion ol then dip and strike foi a distance 
of a qu irter of a mile Butin regional mctamorplnsm the pioduction 
of gneiss and mica and otlu i seliists was a slower process than local 
metamorphism, and the dination of tin process compi nsated for the 
diminished increments of heat, pressure, and hydrotheiimil action 
Bischoff has shown what changes may be supci induced, on black 
marble and other rocks, by the steam of a hot spring , and we aie 
becoming moie and more acquainted with the prominent pait wliuh 
water is playing in distiibuting the heat of the mteiior through 
mountain masses of incumbent strata, and of intioducing various 
chemical compounds into them, in a fluid or gaseous state 

Djnamo-metamorpblc action.— While statical pressures seem 
to have led to the induration, or to the recrystallisationof the material 
of rocks, with occasional slight modifications in chemical composition, 
dynamical action has resulted in a rearrangement of their materials, 
so that the rocks often split up along planes quite distinct from those 
of the original bedding of the mass When the change produced is of 
a mechanical character only, lesulting in a rearrangement of the 
particles of the rock, it is called cleavage, but when this rearrange 
ment is accompanied by chemical changes and i ecrystallisation of the 
rock materials, the result is called foliatum The development of 
planes of cleavage and foliation at right angles to the directions in 
which pressure has been exerted is a question to which the attention 
of geologists and physicists has long been devoted 

Slaty cleavage — Sedgwick, whose essay ‘ On the Structuie of 
Large Mineral Masses ’ first cleared the way towards a better under 
standing of this difficult subject, called attention to the fact that joints 
are distinguishable from planes of slaty cleavage in this, that the rock 
intervening between two joints has no tendency to cleave m a direc 
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tion parallel to the planes of the joints, whereas a roph is capable of 
indefinite subdivision in the direction of its slaty cleavage In cases 
where the strata are curved, the planes of cleavage are still perfectly 
parallel This has been observed in the slate rocks of part of Wales 
(see fig 704), which consist of a hard greenish slate The true bed 
ding is there indicated by a number of paiallel stripes, some of a 


Jfig 704 



Parallel planes of cleaVigc iDttrsectmg ourvwl '•tnit i (SeiinWick ) 


lighter and some of a darker coloui than the gtneial mass Home 
stripes aie found to be parallel to the true planes of stratification, 
wherever these aie manifested by ripple marks or by beds containing 
peculiar organic remains Borne of the contorted strata are of a 
coarse mechanical structure, alternating with fine giained crystalline 
chloritic slates in which case the same slaty cleavage extends through 
the coarser and finer beds, though it is brought out m greater perfec 
tion in proportion as the materials of the rock aie line and homo 
gi nious It is onl} when these are very coaise that the cleavage plam s 
entirely vanish In the Wedsh hills these planes are usually inclined 
at a vciy considcfablc angle to the planes of the strata, the average 
angle being as much as from 40° to 40° Bometimes the cleavage 
planes dip towards the same point of the compass as those of stratifa 
cation, but often to opposite points The clcivage as represented 
in fig 704, lb generally constant ovei the whole of any irca affected 
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buctiuu 111 Lowei siimi in >1 iti'. of OardiBaiishirt ihowiiij, the tk plant-, 
bent ■vloiig tin junction of the bed-. ( 1 McK Hu„ht -. ) 

by one gieat set of distui bailees, as if the same lateral pressure which 
caused the crumpling up of the rock along parallel, anticlinal and 
synclinal axes caubed albo the cleavage 

Professor MoKenny Hughes remarks, that wheie a lough cleavage 
cuts fiagstones at a considerable angle to the planes of stiatification, 
the rock oftpn splits into large slabs, across which the lines of bed 
dmg are fiequently seen, but when the cleavage planes approach 
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within about 15^ of stratification, the rock is apt to split alon^ the 
lines of bedding He has also oailed attention to the fact that sub 
sequent movements m a cleaved rock sometimes drag and bend the 
cleavage planes along the junction of the beds, indicated in the 


Fig 706 



stratification, joints, and cleavage 
( From Murchison s ‘Silurian System *) 


annexed section (hg 705) « The relation of cleavage planes to joints 
IS seen in hg 700 The joints J J arc parallel S S are the lines of 
stratification, D Djirc lines of slaty cleavage, which intersect the 
rock at a considerable angle to the planes of siratijication 

Mecbiualoal tbeorj of oleava^e —Professor Phillips long 
ago remarked that in some slaty rocks, affected by cleavage, the 
form of the outline of fossil shells and tnlobites has been much 
changed by distortion, which has taken place in a longitudinal, 
transverse, or oblique direction This change, he adds, seems to be 
the result of a ' creeping movement ’ of the particles of the rock 
along the planes of cleavage, its direction bfing always uniform 
over the same tract of country, and its amount in space being some 
times measurable, and being as much as a qu irter or even half an 
inch Mr D Sharpe, following up the same line of inquiry, came 
to the conclusion that the present distorted forms of thf shells in 
ceitain British slate rocks may be accounted for by supposing that 
the rocks in which they are embedded have undergone compression 
in a direction perpendicular to the planes of cleavage, and a corre 
spending extension in the direction of the dip of the cleavage It 
would appear that the pressure was at right angles to the original 
bedding, and that it was very great 

Subsequently (in 185d) Mr Sorby demonstrated that this 
mechanical theory is applicable to the slate rooks of North Wales 
and Devonshire, districts where the amount of change in dimen 
sions can be tested and measured by comparing the different effects 
exerted by lateral pressure on alternating beds of hner and coarser 
materials Thus, for example, in the accompanying figure (fig 
707) it will be seen that the sandy bed d /, which has offered 
greater resistance, has been sharply contorted, while the fine grained 
strata, a, b, c, have remained comparatively unbent The points d 
and / in the stratum d f must have been originally four times as far 
apart as they are now They have been forced so much nearer to 
each other, partly by bending, and partly by becoming elongated in 
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the direction of what may be called the longer axes of their contor 
tions, and lastly, to a certain small amount, by condensation The 
chief result has obviously been due to the bending , but, in proof of 
elongation, it will be observed that the thickness of the bed d / is 
now about four times greater m 
those parts lying in the mam Fif? 07 

direction of the flexures than m 
a plane perpendicular to them , 
and the same bed exhibits 
cleavage planes in the direction 
of the greatest movement, al 
though they are much fewer 
than in the slaty strata above 
and below 

Above the sandy bed d f, 
the stratum c is somewhat dis 
turbed, while the next bed b is 
much less so, and a not at all , 
yet all these beds, c, b, and a, 
must have und^gone an equal 
amount of compression with d, 
the points a and g having ap 
proximated as much towards 
each other as have d and / The 
same phenomena are also re 
peated in the beds below d, and 
might have been shown, had the 
section been extended down 
wards Hence it appeals that 
the tiner beds have been 
squeezed into a fouith ol the 
space they previously occupied, 
partly by condensation, or the 
closer packing of their ultimate 
particles (which has given rise 
to the high specihc giavity 
of such slates), and partly 
by elongation in the planes 
of the cleavage of which the 
general direction i& perpen 
dicular to that of the pressure 
‘ These and numerous other 
cases in North Devon are 
analogous,’ says Mr Sorby, ‘to 
what would occur if a strip of 
papei were included in a mass 
of some soft plastic material 
which would readily change its 

dimensions If the whole were then compressed in the diiection 
of the length of the strip of paper, it would be bent and puckered up 
into contortions , whilst the plastic material would leadily change its 
dimensions without undergoing such contortions , and the difference 
in distance of the ends of the paper, as measured in a direct line 
or along it, would indicate the change in the dimensions of the plastic 
material ’ • 



(Driwu by H 0 borby ) 

Verticil section of si ite rock in the clifla 
near Ilfracombe, Noith Devon 
Scale one inch to one foot 
<t, b, ( e Pine grained slates the stratifi- 
cation being shown partly by lighter 
or darker colours and p irtly bj dilfei 
ont degrees of hneue->s in the grain 
(/, f A. coarser grained, light coloured 
sandy slate, with less perfect cleavage 
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Bxperlmental demonitratloii of the orlg;ln of elaty oleav- 

affo — Mr Sorby has come to the conclusion that the absolute con 
densation of the slate rocks amounts, upon an average, to about one 
half their original volume Most of the scales of mica occurring in 
certain slates examined by Mr Sorby lie in the plane of cleavage 
(see fig 715) , whereas in a similar rock not exhibiting cleavage they 
he with their longei axes in all directions May not their position 
in the slates have been determined by the movement of elongation 
before alluded to ’ To illustrate this theory, some scales of oxide 
of iron weie mixed with soft pipeclay in such a manner that they 
inclined in all diiections The dimensions of the mass were then 
changed artificially to a similar extent to what has occurred in slate 
rocks, and the pipeclay was then dried and baked When it was 
afterwards rubbed to a flat surface, perpendicular to the piessure, 
and in the line of elongation, or in a plane corresponding to that 
of the dip of cleavage, the particles were found to have become 
arranged in the same manner as in natural shtes, and the mass 
admitted of easy fracture into thin flat pieces in the plane alluded 
to, wheieas it would not yield in that perpendicular to the cleavage 
Tyndall, when commenting in 185() on Mr borby’s experi 
mentfa, observed that pressure alone is sufticient to produce cleavage, 
and that the intervention of plates of mica or scales of oxide of non, 
or any other substances having flat surfaces, is quite unnecessary 
In proof of this he showed experimentally that a mass of 'pure 
white wax, after having been submitted to great pressuie, exhibited 
a cleavage more clean than that of any slate rock, splitting into 
lamina? of surpassing tenuity ’ He remaiks that every mass of clay 
or mud is divided and subdivided by surfaces among which the 
cohesion is compaiatively small On being subjected to pressuie, 
such masses yield and spread out in the direction of least resistance, 
small nodules become converted into lamina; separated fioiii each 
other by surfaces of weak cohesion, and the result is that the mass 
cleaves at light angles to the line in which the pressure is exerted 
In reply to Tyndall, Mr borby pointed out that tlie white wax is 
really a crystalline substance made up of prismatic needles, as is 
seen when it is examined w'lth a microscope, and under the 
influence of pressuie these incquiaxed particles arrange themselves 
with their longer axes at right angles to the direction in which the 
force IS applied 

Darwin attributed the lamination and fissile structure of volcanic 
rocks of the acid series, including some obsidians in Ascension, 
Mexico, and elsewhere, to their having moved when liquid in the 
direction of the lamina) The sepaiation of the bands sometimes 
results from air cells being drawn out and flattened in the direction 
of the moving mass 

VoliatlOB of Crjrstalllne Sebiata -After studying, in 1835, 
the crystalline rocks of South America, Darwin proposed the terra 
foliation for the structure that leads to the separation of gneiss, 
mica schist, and other crystalline rocks into laminaB or plates 
‘ Cleavage,’ he observes, may be applied to the structure in which 
divisional planes render a rock fissile, although it may appear to the 
eye quite or nearly homogenous ‘ Foliation ’ may be used when the 
alternating layers or plates are of different mineralogical nature, like 
those of which gneiss and other metamorphic schists are composed 
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It will be seen, then, that fohation differs from cleavage in the 
circumstance that the lamime into which a cleaved rock breaks up 
are all of the same composition, while those of a foliated rock 
consist of distinct minerals like the quartz, felspar, and mica of 
gneiss (see fig 708) The thin flakes making up a foliated rock, 
moreover, usually have a distinctly lenticular form, and may be 
spoken of as folm, rather than lamime like those of slate There 
IS, however, the most perfect gradation from cleaved into foliated 
rocks 

That the planes of foliation of the crystalline schists in Norway 
accord very generally with those of original stratification is a con 
elusion long since espoused by Keilhau Numerous observations 
made by the late David Forbes in the same country (the best 
probably in Europe for studying such phenomena on a grand scale) 
seemed to confirm Keilhau’s opinion In Scotland, also, Forbes 
pointed out what seemed to bo a striking case where the fohation is 
identical with the lines of stratification, m rocks well seen near 
Crianlarich in Perthshire There is in that locality a crystalline lime 
stone, foliated by the intercalation of small plates of white mica, so 
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iragment of gneiss, uaturil M/t M.ctiou made it right angles to the 
plants of foliation 


that the rock is often scarcely distinguishable in aspect from gneiss 
or mica schist The stratification is shown by the large beds and 
coloured bands of limestone all dipping, like the folia, at an angle of 
32 degrees N E In stratified formations of every age we see layeis 
of siliceous sand, with or without mica, alternating with clay, with 
fragments of shells or corals, or with seams of vegetable matter and 
we should expect, lorbes aigues, the mutual attraction ot like parti 
cles to favour the ci}stallisation of the quartz, or mica, or felspar, 
or calcite along the planes of oiigmal deposition, rather than in 
planes placed at angles of 20 or 40 degrees to those of stratifica 
tion 

Attei a general examination of the metamorphic locks of the 
Highlands, Murchison and 0-eikie were led to the conclusion that, 
thioughout the whole district, foliation is coincident with the strati 
fication of the rocks, and not, as had been suggested by Daniel 
Sharpe, with their cleavage Sorope, on the other hand, was 
inclined to attribute the fohation of the crystalline schists to ‘ the 
results of internal differential movements in the constituents of the 
aubterranean mineral matter while exposed to enormous irregular 
• N N 2 
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pressures as well as to vanations of temperature, and under these 
influences changing at times from a solid to a fluid state, and pro 
bably back again to crystalline solidity, through intervening phases 
of viscosity— movements and changes which must of necessity have 
frequently arranged and rearranged the component crystalline 
minerals, sometimes in irregular composition like that of granite, 
dionte, or trachyte, sometimes m laminar or schistose bands like 
those of gneiss, mica schist, and other so called metamorphic crys 
tallmes ’ 

We have seen how much the original planes of stratification may 
be interfered with or even obliterated by concretionary action in 
deposits still retaining their fossils, as in the case of the Magnesian 
limestone of the Permian Hence we must expect to be frequently 
baffled when we attempt to decide whether the foliation does or does 
not accord with that arrangement which gravitation, combined with 
current action, imparted to a deposit from water Moreover, when 
we look for stratification in crystalline rocks, we must be on our 
guard not to expect too much regularity The occuirence of wedge 
shaped masses (such as belong to coarse sand and pebbles), oblique 
lamination, ripple marks. 
Fig 709 unconformable stratifaca 

tion, the fantastic folds pro 
duced by lateral pressure, 
faults of various widths, 
intrusive dykes, remains of 
organic bodies of diversified 
shapes, and other causes of 
irregularity in the planes 
of deposition, both on the 
small and on the large scale, 
will interfere with paral 
lelisra If complex and 
Fnilatioti of »D argiihceoui acinst Montagnt* enigmatical appearances did 
de feeguinat, near Oavarme id the Pyrenees not present themselves, it 
would be a serious objection 
to the metamoiphic theory Mr Sorby has shown that a structure 
which he compares to that of ripple marked sands can be detected 
in certain varieties of mica schists in Scotland 

In the diagram (fig 709) is represented the foliation of a 
coarse argillaceous schist in the Pyrenees (which was examined by 
Lyell m 1830) In part, it approaches in character to a green and 
blue roofing slate, while part is extremely quartzose, the whole mass 
passing downwards into micaceous schist The vertical section here 
exhibited is about three feet in height, and the layers are sometimes 
so thin that fifty may be counted in the thickness of an incli 
Some of them consist of puie quartz There is a resemblance in 
such cases to the diagonal lamination which we see in sedimentary 
rocks, even though the layers of quartz and of mica, or of felspar 
and other minerals, may be more distinct in alternating folia than 
they were originally 

Oeneral coincidence between Foliation and Cleavage in 
Ketamorplilo Fock-maeeee.— In spite of examples, like those 
jugt cited, m which the foliation of metamorphic rocks a^ppea/rs to 
foUow the original lamination (or fine bedding) of a stratified mass, 
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there can be little doubt that, in the great majority of cases, the 
schistose structure is an entirely superinduced one, and that foliation, 
like cleavage, must be referred to the action of pressure, the planes 
of foliation being developed, like those of cleavage, at right angles to 
the direction in which the pressure is exerted What were taken 
by David Forbes, and by Murchison and Geikie, as cases of the 
mterbedding of rock masses, with foliation parallel to the stratifica 
tion, have been proved by the researches of Professor Lapworth and 
the officers of the Geological Survey to be really examples of rock 
masses brought into juxtaposition by great reversed faults (thrust 
planes), see fig 631, p 436 Simulationsof ‘false bedded ’and ‘ripple 
mark ’ structures like those referred to in the Pyrenees appear to 
often result from changes in the direction of pressure in a great 
mass undergoing folding movements which lead to the appearances 
known as Ausweichungs Clivage (the ‘strain slip cleavage ’ of Professor 
Bonney) Such being the case, we can understand the phenomena 
to which attention was drawn by Darwin in South America, where 
over vast areas cleavage and foliation everywhere maintain a marked 
parallelism , the strike of the cleavage and foliation being coincident 
with that of the stratification, but the di^p of the planes of cleavage 
being inchned, often at a very high angle, to those of bedding 
Bxpeiimeiital Zllustratlons of Bynamo-metamorpblc 
aotlooi— By the method of sealing up various substances in glass 
tubes with water and exposing them to high temperatures, so that 
the confined vapour of the water exercises a powerful pressure 
within the tube, Daubrdo and other French chemists and mineralo 
gists have shown that many crystallised minerals may be produced 
Glasses, both natural and artificial, which are amorphous mixtures 
of various silicates, were found to break up under these conditions, 
and their vanous constituents recombined and crystallised out as 
quartz, sanidine, wollastonite, diopside and other well known mineral 
species In this way a very considerable proportion of the minerals 
composing the earth’s crust has been artificially prepared, the 
crystals, though often of microscopical dimensions, presenting all 
the distinguishing characters of the natural ones 

Professor W Spring, of Li^ge, has carried on a series of experi 
mental researches upon the effects of pressure apart from those of 
high temperature In these experiments, pressures estimated to 
exceed 7,000 atmospheres were employed, and the precaution was 
taken of applying the force so slowly that any heat generated would 
be dissipated, and would not interfere with the result The con 
elusions at which Spring arrived were as follows — 

1 Powders of metals and other solids may, by intense pressure 
(especially if all interstitial air films be removed by the action of an 
air pump) be converted into solid masses indistinguishable from 
those produced by fusion In powders and colloid masses pressure 
will produce a perfectly crystalline structure 

2 Where elements have allotropio forms, or compounds are hetero 
morphous, the less dense substance may be converted into the 
heavier by the action of pressure Van *t Hoff and Reioher have also 
shown that the temperature at which all such paramorphio changes 
take place is modified by pressure 

8 Powders of metals, oxides and salts may by pressure be made 
to react chemically upon one another~withoat the intervention of 
• 
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any liquid or gas— and alloys are produced, various salts formed, 
and double decompositions brought about under such conditions 

4 The rubbing or sliding of the particles of solid bodies over one 
anothei under intense piessure powerfully promotes chemical action 
between them 

5 When the particles of solid bodies have been brought into 
contact by intense pressmc, the chemical action between them goes 
on, even when the pressure is removed 

6 The action of pressure on solids is variously modified by the 
presence of small quantities of water or of various gases 

The late Dr Guthrie and other phjsieists and chemists have 
shown, bj the study of solutions under pressure, that there is a per 
feet continuity between the states of solution and fusion As was 
maintained b\ Bunsen, the various mixtures of silicates, which con 
stitute Igneous locks, are really solutions at high temperatures, the 
solvent being sometimes a fusible silicite, often mixed with more oi 
less water under pressure 


A \eij good surainarj of our 
knowledge on the cleavage of locks 
will be found bj the studuit in the 
essaj of Mr Barker on tlu siibjf ct, 
Brit Assoc Rep 1885 For a dis 
CU88I011 of the H( tion taking placi in 
tlu nietanioriihism of rocks ht is 


refeired to Deles&d’s ‘ ftudes sur le 
Mrtamorphibnie des Roches,’ to 
Daubri'e’s ‘ Gf^ologie Fxp^ninen 
tab and to J Lehmann’s ‘ Alltkry 
stallimstht , ’ and for an account of 
Spring’s res< arches to ‘ Journ 
Chem Hoc ’ 18%, p 404 


CHAPTER XXXIX 

CONTACT MJ-TAMORPHISM AND RPGIONAL MkTAMORPHiSM THF 
VARIETIJS Ol ROCKS RLSULTING FROM THhSl< TWO KINDS 
01 ACIION 

Illustrations of the ution of ( ontact Metamorphisin— Distant! towhuh 
Contact Mt tamoiqilubmcan bt traced from the intrusive niass—Minerals 
produced by Contact Mt tamorjihism— Chief types of Rocks produced 
by Contact Metamoipliism- Aiida]uHite,Kyanite, Sill]manite,Staurolite 
Rocks &(. —Rocks product d by Regional Metamorphism, Quartzites, 
Metamorphic Liint stones and Dolomites, Slates, Phylhtes, Schists, 
Gneisses, Granuhtes, Anthracites, &c 

As we have seen m the last chapter, contact metamorphism is 
largely the result of the action of heat, while in the case of 
regional metamorphism the action of heat is greatly modified 
by, and even subordinated to, that of pressure Hence we are 
not surprised to find that the rocks formed by contact and re 
gional metamorphism respectively, while having many features 
in common, nevertheless often present dissimilar and distinc 
tive characters 

rotailtferoua atrata renderea metamorpblo by intnulTe 

maaaea.— In treatmgof the nature of intrusive veins of volcamo 
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and plutonic ori^n (p 447), examples were given of alterations 
in the affected rocks by heat and percolating water containing 
chemical matters The subject was further illustrated in noticing 
the methods of distinguishing the age of volcanic rocks (p 485) 
It IS, therefore, only necessary to cite a few additional instances 
of local metamorphism 

In the southern part of Norway there is a large district, 
on the west side of the fiord of Chnstiania (which L> ell visited 
in 1837 with the late Professoi Keilhau) in ivhich hornblendic 
granite protrudes m mountain masses through fossihferous strata, 
usually sending veins into them at the point of contact The 
stratified rocks, replete with shells and corals, consist chiefly of 
shale, limestone, and some sandstone, and all these are invari 
ably altered near the granite for a distance of from 50 to 400 
yards The shales are hardened, and have become flinty, 
sometimes resembling jasper Ribboned jasper is produced 
by the hardening of alternate layers of green and chocolate 
coloured shale, each stripe faithfully representing the original 
lines of stratification Nearer the granite the altered shale often 
contains crystals of hornblende, which are even met with in 
some places, for a distance of several hundred yards from the 
junction , and this black hornblende is so abundant that eminent 
geologists, when passing through the country, have confounded 
it with the ancient hornblende schist, subordinate to the great 
gneiss formation of Norway Frequently, between the granite 
and the hornblende slate above mentioned, crystalline grains of 
mica and felspar appear in the schist, so that rocks resembling 
gneiss and mica schist are produced Fossils can rarely be de 
tected in these schists, and they are moie completely effaced m 
proportion to the more crystalline texture of the beds and their 
vicinity to the granite In some places the siliceous matter of 
the schist becomes a granular quartzite , and when hornblende 
and mica are added, the altered rock loses its stratification, and 
resembles granite The limestone, which at points remote from 
the granite is of an earthy texture and blue colour, and often 
abounds in corals, becomes a white granular marble, sometimes 
siliceous, near the granite — the granular structure extending 
occasionally upwards of 400 yards from the junction, the 
corals are for the most part obliterated, though sometimes 
preserved, even in the white marble Both the altered lime 
stone and the hardened slate contain garnets in many places, 
with ores of iron, lead, and copper, and some silver These 
alterations occur equally, whether the granite invades the strata 
in a line parallel to the general strike of the fossihferous beds, 
or in a hne at right angles to their strike, both of which modes 
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of junction will be seen by the accompanying ground plan (fiff 
710) 

The granite of Cornwall sends forth vems mto a coarse 
argillaceous schist, locally termed kill|s This killas is con 
verted into hornblende schist near the contact with the veins 
These appearances are well seen at the junction of the granite 
and killas in St Michael’s Mount, a small island nearly 300 
feet high, situated in the bay, at a distance of about three miles 
from Pen/ance The granite of Dartmoor, m Devonshire, ac 
cording to De la Beche, has intruded itself mto the Carbomfe 
rous slate and slaty sandstone, twisting and contorting the strata, 
and sending \em8 into them Hence some of the slate rocks 
have become ‘ micaceous , ’ others much indurated, exhibit cha 
racters of mica slate , while others again are converted mto a 
hard, banded rock with much felspar resembling gneiss 



Ground plan of alteud slate and limestone near granite, Christiania 
The arrovt indicate the dip, and the oblique linei the tti ike of the Iwdi 


Nowhere, however, are the phenomena of local metamorphism 
more beautifully illustrated than in the Western Isles of Scotland 
In this district, great masses of granite and gabbro have been 
thrust through the various Palaeozoic and Secondary strata, 
dunng the Tertiary period , and m the vicinity of the junctions 
of the Igneous and the sedimentary masses most instructive 
examples of metamorphism may be observed Thus limestones 
of the same age as those of Durness (Cambrian) are found 
losing, as we approach the igneous rocks, all traces of their 
orgamc remains, and at last passing into a highly crystallme or 
gaccharoid marble suitable for statuary purposes Clays and 
sandstones of vanous ages, under like conditions, are also found 
to be deprived of every trace of the organic structures originally 
present m them and to graduate mto indurated slaly rock and 
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quartzite, while the felspathic sandstones of the Cambrian are 
altered to a highly micaceous quartzite 

We learn from the investigations of M Dufr^noy, that m the 
Eastern Pyrenees there are mountain masses of granite, posterior 
in date to the formations called Lias and Chalk of that district, 
and that these fossiliferous rocks are greatly altered m texture, 
and often charged with iron ore, in the neighbourhood of the 
granite Thus in the environs of St Martin, near St Paul de 
F^nouiUet, the chalky limestone becomes more crystalline and 
saccharoid as it approaches the granite, and loses all trace of the 
fossils which it previously contained m abundance At some 
points, also, it becomes dolomitio, and filled with small veins of 
ferrous carbonate and spots of red hematite 

The local metainorphism of carbonaceous beds, such as coal 
seams, is \ery mteresting The most simple result of the mtru 
Sion of a dyke of basalt, for instance, amongst Coal measures is 
for the coal to become hard and brittle, to lose its more volatile 
matters, and to change into anthracite, or even into graphite, 
and this may take place 50 yards away from the basalt Close 
to the dyke, the coal may be reduced to the form of cinder, 
occupying a much smaller space than before , or, as in South 
Staffordshire, the coal may become sooty and coked DistiUa 
tion ansing from the heating and alteration of coal and bitu 
minous shales by the action of igneous intrusions causes the 
gases to find their way to the surface, and the liquid products 
to collect m fissures and cavities Petroleum and asphalte are 
thus collected m chinks of sandstones and other sedimentary 
rocks, and even of the igneous rocks themselves, while natural 
gases (hydrocarbons) find their way to the surface 

Pnsmatic structure, resembling miniature basaltic columns, 
has often been produced in coal by this local metamorphic 
action 

On the other hand, the igneous rock has often been altered 
by contact with the coal, becoming white, or yellow, earthy 
light, and friable This ‘ white trap,’ as it is called, has had its 
crystallme structure nearly destroyed, much of its silica and 
lime removed, while its iron remams to form ferrous carbonate 

■xtent of Contact Motamorpblim —Contact metamorphism 
is always distinguished by its local character, m some cases the 
alteration produced can only be traced for a few feet or even inches 
from the planes of junction with the igneous mass , and in few 
instances probably can such changes be detected at distances of over 
two miles Usually, the amount of alteration increases as we 
approach the igneous rook, but there are some very remarkable 
oases in which apparent exceptions to this rule are found The 
different kinds of rooks undergo very variable amount of change, 



564 


MINERALS PRODUCED BY [ch xxxix 


according to their chemical composition, and thus it sometimes 
happens that in the metamorphic zones surrounding great intrusive 
masses we find alternations of rocks which are much altered with 
others showing few signs of change Wheie contact metamorphism 
18 extreme, a very marked foliation is always developed As a rule, 
the extent of metamorphism, and the distance to which it can be 
traced, bear a marked relation to the volume of the intrusive mass 
around which it is exhibited But it should be remembered that in 
some cases the igneous rock may have been simply injected into the 
surrounding rocks, while in other cases the liquid mass may ha\e 
been forced foi ages through the fissuic which has sened as a 
means of communication with the surface The amount of chemical 
action in the latter case would, of course, be far greatei than in the 
former It is worthy of notice that the minerals produced in lime 
stones and other locks in contact with igneous masses are identical 
with those found in the fragments of much altered materials that 
aie thrown from volcanic vents 

Not only do we find all kinds of sedimentary materials under 
going alteration around plutonic rock mas=es, but volcanic and older 
plutonic rocks are likewise changed, while metamorphic rocks are 
subjected to still further metamorphisni 

Cblef varieties of minerals produced by Contact 
Metamorpblsm— The principal changes produced by the ther 
mal or hydrothermal action taking place around igneous intrusions 
consist in the development of various crystalline minerals in the 
mass Most of these minerals appear to bo formed from the various 
elements already existing in the rock, these entering into new com 
binations and forming crystals often of great beauty and perfection 
But, in many cases, there can be no doubt that substances con 
tamed in the intrusive mass react on the materials into which it is 
thrust, and minerals are formed which could not be produced by simple 
raetaraorphism Of such metabomatic changes, as they are called, 
we have examples in the formation of tourmaline, axinite, fluorspar, 
&c , through the action of the boric, hydrofluoric acid, and other 
gases given off from gieat intrusive masses like the granite of 
Dartmoor— acting on the silicates of the invaded rock, and in the 
impregnation of metallic sulphides so frequently found near the 
contact of igneous and other rock masses On the other hand, we 
not unfrequently find evidence that the igneous rock itself is 
affected by the contact with materials among which it is intruded 
Fragments of the surrounding rock are torn off, being fused and 
absorbed in the liquid and highly heated mass, and new minerals 
are formed during its cryslallisation 

All the ordinary rock forming minerals— quait/, the vaiiou 
felspars, and many ferro magnesian silicates— are formed by contact 
metamorphism , varieties of biotite are especially abundant, and 
forms of hornblende are by no means rare There are certain 
silicates— for the most part highly aluminous ones—which are par 
ticularly abundant in, and generally characteristic of, the metamor 
phosed argillaceous rocks Among the most important of these are 
andalusite, sillimanite or fibrolite, and kyanite, with garnet, stauro 
lite, cordierite, epidote, and zoisite Many of these minerals are 
very unstable, and we frequently And in the metamorphosed rooks, 
not the minerals themselves, but the products of their alteration, 
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such as muscovite and its hydrated forms (damourite, sericite, <ftc ), 
pmites, kaolin, the chlorites, ottrelite, and other chloritoids, the ver 
miculites, &o Many of the rocks undergoing contact metamorphism 
are seen to exhibit spots and markings, showing that a segregative 
action has gone on in the mass and between these obscure markings 
and fully developed crystals of biotite, hornblende, garnet, andalu 
site, &c , we find every intermediate gradation (see fig 711) The 
structure of these ‘ spotted slates’ {‘ flecktschicfer,’ ‘ garbenschiefer,’ 
(frc , of the Germans) is admirably displayed in thin sections under 
the microscope, and changes by which the passage of amorphous 
and fragmental materials into beautifully crystallised minerals is 
effected, can be distinctly traced Some of the t?arnets and other 
minerals found m the rocks altered by contact metamorphism are 
of large size, perfectly clear, and free from foreign inclusions But 
in other cases, much unerystallised material is found caught up in 


rif, 711 fi? 712 



Spotted slate from *Saxoiiy The smaller 
dark coloured spots are incipient 
crystals of biotite the larger ami 
paler coloured ones aie hornblende 
In both the work of crystallisation is 
incomplete, and thev include much 
amorphous material ilistnbute<i 
tluough a base with crystalline pro 

pertics 


Chiastolite slate, from Bavana The 
white spots arc sections (longitu hnal 
and transverse) of the vanctj of 
andalusite known as chiastohto In 
these the amorphous matter instead of 
licing irregularly diitnbuted through 
the crystals is arranged ni cross 
shaped patterns within them The 
material around those crv'tals is but 
little altered 


the crystals during then growth, and this sometimes shows a re 
markable symmetrical arrangement within the mineral, as in the 
form of andalusite known as ‘ chiastolite ’ (see hg 712) 

Booka produced by Contact Metamorphlsm.— Purely 
siliceous sands and sandstones are altered by contact metamor 
phism into a quartzite or quartz rock, the grains of quartz, besides 
being cemented into a solid rock, sometimes having the aqueous 
solutions or carbon dioxide expelled from their cavities, and occasion 
ally exhibiting signs of partial fusion or even of complete recrystal 
hsation (see fig 713) More felspathic or micaceous sandstones 
may have many secondary minerals developed m them, and the 
rook may become distinctly foliated (quartz schist) Very impure 
sandstones, grits, and arkoses pass into siliceous schists, and even 
into rooks, which must be classed as true gneisses 

It IS m the case of the argillaceous rocks that we find the 
greatest vanety of products resulting from the action of contact 
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metamorphism When fine grained siliceous clays are exposed to 
the action of heat by contact with igneous masses, they pass into 
the hard compact materials often called hornstones, porcellanites, 
ribboned jasper, Lydian stone, &e , and m some of these materials 
traces of the fossils contained in the original rocks may still be 
detected But clays, shales, and slates are also found passing into 
spotted slates of different kinds, and then into mica slates, andalu 
site and chiastolite slates, cordierite slates, ottrehte slates, &c 
Garnets are frequently developed in great numbers, but of micro 
scopic dimensions, and m this way are produced some of the 
matenals most valued as whetstones, like the celebrated Water of 
Ayr stone In other cases the micaceous minerals assume a 
parallel arrangement, large garnets are developed with staurolite, 
andalusite, coidieiite, and many other minerals, and the whole mass 
passes into a foliated lock very similar to the product of regional 
metamorphism 

Pig 713 Fig 714 



Quartzite, from Saxony, made up of 
grains of clear quartz with cloudy 
felspars The rock has probably been 
produced by the metamorphism of a 
felspathlc sandstone or grej wacki the 
outlines of tlie grams being still dis 
tingulshablc 


Impure crystalline limestone, from 
Styria Clear crystalline grains of 
caicitt are seen, traversed by the cha- 
racteristic twinning and cleavage 
planes, with some quartz grains con 
taming streams of liquid cavities and 
opaque particles of graphite 


Pure limestones become completely recrystalhsed by the action 
of metamorphism, and aggregates of calcspar crystals— each marked 
bji the peculiar twinning and cleavage of the mineral— are formed, 
giving rise to the well known saccharoid or statuary marble (see 
fig 714), In some cases, magnesian compounds appear to be in 
troduced into a calcareous rock dunng contact metamorphism, and 
magnesian limestones, and even true dolomites, result from the 
action When the limestone contains impurities, new crystalline 
minerals are formed, such as tremolite, actinolite, various micas, 
wollastonite, felspars, zoisite, lime garnets, quartz, (£o (‘oalcipbyres *) 
The rooks thus formed occasionally exhibit a distinct foliation, and 
oalo-Bchists (' cipolinos ') are produced, indistinguishable from those 
resulting from regional metamorphism Many of the most beautiful 
marbles, and rocks containing the greatest variety of crystallised 
mineral^like those of Monzoni m the Tyrol— appear to be the 
result of the^aotion of oontaot metamorphism on limestone rooks 
That igneous and metamorphio rooks are also subjected to 
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contact metamorphism has been already pointed oat In some 
cases, the minerals produced by weathering, like kaolin, chlorites, 
caloites, chalcedony, dia , are altered back to others similar to those 
which existed in the original rocks In other cases, new minerals 
have been formed, like albite, hornblende, epidote, sphene, with pyrites 
and other sulphides— the latter being due in part at least to the 
introduction of certain materials given off by the igneous magma 
which has invaded the rocks 

lief tonal metamorphlc Books — These rocks, when in 
their most characteristic development, are wholly devoid of 
organic remains, and contain no distinct fragments of other 
sedimentary rocks Gneiss and mica schist may be taken as 
typical examples But phyllites and some schists (the former 
sometimes still containing fossils or their impressions) may be 
considered to be less altered varieties They sometimes appear 
in the central parts of mountam chains, but in other cases extend 
over areas of vast dimensions, occupying, for example, nearly the 
whole of Norway and Sweden, where, as in Brazil, they appear 
alike m the lower and higher grounds However crystaUme 
these rocks may become in certain regions, they seldom, like 
granite, send veins into contiguous formations In Great 
Britain, those members of the series which approach most 
nearly to granite and other plutonic rocks in their composition, 
as gneiss, mica schist, and hornblende schist, are chiefly found 
m the country north of the rivers Forth and Clyde, m Wales, 
the Malverns, and Leicestershire (Charnwood Forest) 

Many attempts have been made to trace a general order of 
succession or superposition m the members of this family , clay- 
slate, for example, having been often supposed to hold in 
variably a higher geological position than mica schist, and 
mica schist to overlie gneiss But although such an order may 
prevail throughout limited districts, it is by no means universal 
The mechanical peculiarities of these rocks are expressed by 
the terms ‘ cleavage ’ and ‘ foliation ’ 

* We have seen that sedimentary rocks m the immediate 
proximity of great igneous mtrusions are found to have under 
gone great induration, while the development of various crys 
talline minerals has frequently taken place m them In cases 
where the action of contact nietamorphism has been extreme, 
we have shown that a very distinct foliation is often developed 
m the altered rocks The similarity of the rocks thus formed— 
especially where the metamorphism has been extreme— to many 
of the foliated or schistose rocks, characteristic of regional meta* 
morphism, suggests that the latter may have been produced 
from pre existing strata by the action of analogous chemical 
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forces operating on a more extended scale Thus gneiss and 
mica schist may be nothing more than altered felspathic and 
micaceous sandstones, granular quartzite may have been de 
rived from puic sands and sandstone, and the most highly 
crystalline quartzite may be the last stage of alteration of the 
same materials Similarl) , clay slate and many forms of schist 
may be altered shale, and granular marble may have originated 
in an ordinaiy limestone, replete with shells and corals, which 
have since been obliterited, and, lastly, calcareous sands and 
marls may ha^e been changed into impure cr 38 tallme lime 
stones 

The anthracite and graphite associated with regional meta 
morphic rocks may ha\ e been coal , for not only is coal con 
verted into anthracite m the vicinity of some trap dykes, but ue 
have seen that a like change has taken place generally even far 
from the contact of igneous rocks, m the disturbed region of 
the Appalachniib At Worcester, m the State of Massachusetts, 
45 miles due west of Boston, a bed of plumbago or impure 
graphite occurs, mterstratified with mica schist It is about 
feet in thickness, and has been made use of both as fuel and 
in the manufacture of ‘ lead pencils ’ At the distance of dO miles 
fiorn the plumbago, there occurs, on the borders of Ehode 
Island, an impure anthracite m slates contammg unpressions of 
coal plants of the genera Fecojp^eru, Neuroptens, Calamiiea, 

&c This anthracite is intermediate m character between that 
of Pennsylvania and the graphite of Worcester, in which last 
the gaseous or volatile matter (hydrogen, oxygen, and nitrogen) 

18 to the carbon only in the proportion of d per cent (After tra 
versing the country m various directions, Lyell came to the 
conclusion that the Carboniferous shales or slates with an 
thracite and plants, which m Rhode Island often pass into 
mica slates, have at Worcester assumed a perfectly crystalline 
and metamorphic texture the anthracite having been nearly 
transmuted into that state of pure carbon which is called 
plumbago or graphite ) 

The alterations already described as being superinduced in 
rocks by volcanic dykes and granite veins prove incontestably 
that powers exist m nature capable of transforming clastic and 
fossiliferoub strata into crystalline rocks 

But while all the sedimentary rocks undergo more or less 
complete recrystallisation, with or without the development of a 
foliated structure, like changes may affect all kinds of volcanic, 
plutomc, and metamorphic rock masses Tuffs and lavas, as 
weE as the several varieties of crystallme rocks, may thus be 
converted mto schists and gneisses. It is probable that many 
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of the gneisses and schistose rocks which we now see exposed 
at the earth’s surface have undergone not one cycle of change 
but many repeated metamorphoses All the materials of the 
earth’s crust, indeed, tend to pass through regular cycles of 
change, granites and the crystalline rocks being broken up by 
denuding agencies at the surface to form clastic sedimentary 
rocks, and these, when buried at great depths, being subjected 
to metamorphic action whereby they pass mto schists, and even 
into gneiss, in which last all traces of foliation may disappear, 
when the rock becomes a gianite Such being the case, it is of 
course impossible to say from what particular variety of aqueous. 
Igneous, or metamorphic rock a given gneiss or schist has been 
formed The ultimate chemical composition of such rocks as 
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particles, all the rods and flat plates m the mass having had 
their positions rearranged so that they he at right angles to the 
direction of the pressure which has acted upon them (see flg 715) 
Mylonites are composed of the fine dust or fragments of rocks which 
have been crushed to powder along great fault planes (or ‘ thrust 
planes ’), these fine particles being consolidated and often partially 
recrystallised (see fig 716) Many metamorphic rocks exhibit a similar 
‘ cataclastic ’ structure Where pebbles and other included m asses have 
existed in the rock they are often fractured and sometimes crushed 
and broken, the fragments being sometimes torn apart from one 
another by the shearing movements within the mass In the same 
way, metamorphic rocks which contain porphyntic crystals some 
times exhibit this cataclastic structure in a very marked manner, 
the large felspar crystals having their edges and angles rounded off, 
so as to form the eyes (‘ Augen ’) of the so called Augengneiss (see 
fig 720) 



Phylhte feaxouj Made up of c'aitu Chlorite bclust Mor la Made up of 
materials mingled with crystal'- of crystalline iwrtirledlif chlorite and 
blotite and other micaceous mincials magnetite, shown ^ ilistinet folia 

of secondary origin, developeil along tiou Other mine- aie occasion 

the planes of cleavage ally present in the 

In the majority of cases, however, the movemfc'^^p producing 
cleavage and shearing in a rock mass are attended a certain 
amount of recrystallisation, as well as deformation ' ^ crushing 
Thus we often find the surfaces of slaty rocks covered ' h crystals 
of mica and other minerals which are evidently of secc^ ly origin 
and have been produced during the movements to whi®'i he rock 
masses have been subjected Such rocks are usuall.e called in 
England mica slates, talcose slates, chlorite slates, &c \v'^,|;gter the 
mineral most distinctly exhibited in them), m contradis ^ lou to 
the clay slates m which no such secondary minerals are a^ \ ^ent m 
the cleavage plants In France, rocks of this class are usu^®‘ called 
phyUites (see fig 717) , there are phylhtes, as has been i Je^n by 
Professor Iteusch, of Christiania, which exhibit recogmsab^^^ aces 
of corals, trilobites, and other fossils, which remain in 
partial recrystallisation of the materials of the rook 

When the whole, or nearly the whole, of the materia; qf a 
rock have been recrystallised, so that it is made up of thif^^^plia 
of qnartz and of some other mmeials, the rock is called a y Wf 
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The term ‘ schist ’ is, however, used m a much more general manner 
m Germany, being sometimes applied to phyllites and even to clay 
slates and shales The different kinds of schist are named after the 
most conspicuous mineral present in them, such as mica schists 


Fig 719 



Mica schist with garnetn Made up of 
folia of tmca (distuiguishul by its dis 
tinct basal cleavage) and quartz with 
large ganiets (one is seen in the lower 
part of the section) intersiiersed 
through the mass 


Fig 7i0 



Hornblende gneiss, witli ‘ c} es ( Augen 
gneiss) ihe large deformed crystals 
consist of felspar or, more rarely horn- 
blende (one example with charactcris 
tic cleavage is seen in the lower part of 
the section) 


(see fig 719), talc schists, chlorite schists (see fig 718), hornblende 
schists, actinohte schists, tremolite schists, epidote schists, pied 
montite schists, (Sc These schists often contain additional minerals 


-identical with those found 


Pig 721 



Pyroxene gi’anuhtt ( tiap giamditi ) 
baxony Made up of colourless gnuns 
of felspar and (juartz with uugite, 
hypersthene and garnet The inter 
growth of felspnr and garnet gives 
rise to the ‘centric structure seen 
near the middle of the section 


rocks formed by contact meta 


Fig 722 



Oiaiiulite with kvanite Saxoii> 
Hounded grannies ot quartz and 
orthoelase felspai nuke up the mass 
of the roek tlmmgh whuh are scat 
tered larger giains of garnet and 
kyamte (the former imnei vl is seen on 
the right ot the section ) 


morphism-'Such as garnet, cordierite, kyanite, sillimanite or fibrohte, 
kyanite, c&c 

The metamorphic rocks which contain felspar form the two 
classes of the gramihtes and the gmmes These have often the 

0 0 


562 


ACID AND BASIC GNEISS [oh xxxix 


same ultimate chemical composition as igneous rocks, both basic 
and acid, though some of them are not improbably the result of the 
extreme metamorphism of arkoses, felspathic sandstones (grey 
wackes), micaceous flagstones, and similar sedimentary rocks (See 
table of analyses p 588 ) The distinctive structure of the granulites 
IS seen in a loek when all the minerals present more oi less rounded 
grains which fit together so that undei the microscope the sections 
resemble mosaics The basic or pyroxene granulites (‘ trap granu 
lites ’) consist of felspais of different species with one oi more 
forms of pyroxene (aiigite h>peistheiie, Ac ), sometimes replaced by 
hoi nblende oi biotile , in addition, garm Is ai c almost always present 
sometimes in considerable quantities (see fig 721) 'J he acid or 
common granulites {hpiynite^ of tlieFicnchand Wmsstemoi the 
Germans) contain much fclspai, oithoclasc usually predominating 
with quart/ and gainet to which k>anite is frequently added (see 
fig 722) Tlu most common gneisses are of acid composition and 
agrei in then mincralogical composition with the gianites, gianititcs 


Til. 724 



Mi( If oou'. giKiss S*ixoiiv Af'ult uj) r>rou)U‘-i,iKiss ((}lon yeivunrstU 
of foil i ot quart/, fthp ir and mu a or>‘'taIliiit Hit cl( ir (r\st^l^ are 
flu rock lias tlif niitif ralogit il (oiwti quart/ and scajiolttt, tht clouiled oiie«i 

tution of an ordiiiarj giaiiiti.with t i Imsk iilagiof ias< ftNjiar and tlit 

VI r) distinct foliation dark coloun d ones a ^ret n au^itt 


and quartz diorites, but are distinguished from these by their more 
or less distinct foliated structure (sec fig 721) The so called 
protogine gneisses hate much hydrous white mica (sericite), and 
some gneisses contain many accessory minerals, such as garnet, 
cordierite, andalusite, sillimanite oi fibrolite, kyanite, Ac In addition 
to these common or acid gneisses, there are others which correspond 
in composition with the pyroxene gianulites and contain much basic 
felspar (labradorite or arioithite) with quartz, and some pyroxene 
(sahlite, SBgerine, hypersthene, Ac ), these minerals being sometimes 
replaced by hornblende or biotite Many accessory or secondary 
minerals, such as scapolite, wollastonite, fibrolite, garnet, Ac , occur 
in these basic or ‘ pyroxene ’ gneisses (see fig 724) 

The gneispes are sometimes very coarsely grained rocks , they 
not unfrequently contain porphyntic crystals of felspar and other 
minerpls, these being sometimes converted by crushing movements 
into ‘ eyes ’ (Augengneiss, fig. 720) The foliation of gneiss is often 


GRANULITES, ETC 


CH XXXIX ] 


563 


so obscure that it can only be seen when great rock masses are studied 
in the field 

Plutonic rocks, like granite, dionte, and gabbro, not unfrequently 
present both the granulitic and the gneissic structures , and when 
such structures are exhibited by these rocks it can generally be 
shown that they have been subjected to movements while m a 
plastic 01 semi pi istic condition, so as to have a ‘ flow structure ’ 
developed in them The distinction between granulitic gabbros or 
norites of igneous oiigin and pyroxene granulites, of metamorphic 
origin, IS often very doubtful and obscure, and m the same way it 
IS often impossible to decide if a rock should be rightly described 
as a gneiss granite or a granitic gneiss Schists, granulites, and 
gneisses, even when derived from sedimentary rocks by metamor 
phism, cannot be expected to exhibit traces of fossils, for all their 
matt rials ha\e been completely recrystallised 

It has bten shown how insensible aie the gradations from various 
sedimentarj roeks, alteied by contact met iniorphism into true schists 
and gneisses , and on the other hand how difficult it is to dis 
criminate between certain structural varieties of undoubted plutonic 
rocks and the granulites and gneisses These facts point to the 
conclusion that the rocks now exposed in the earth’s crust may all 
leally ha\e passed through those cycles of change which we have 
been describing No good reasons have been adduced for asserting 
that any of the highly crystalline rocks— whethei foliated or not- 
werc originally part of the globe as it fust consolidated from a state 
of Igneous fusion, or that the causes which are now acting upon and 
within the earth’s crust were ever different m kind or m order of 
magnitude from those which aie operating at the present day 


For further mfonriation on the 
metamorphic rocks thi student is 
referred to jielrograpliKal text books 
like that of Zirkcl (‘ Lehrbucli dei 


Petrographie,’ 8rd ed, 1895) An 
excellent summary of tin subject 
will be found in Marker’s ‘ Peti ology 
foi Students’ (1895), pp 264-802 


CHAPTER XL 

THl- FORMATION OF MOUNTAIN CHAINS 

Various types of Mountain chains— Majority of Mountain chains belong 
to Appalachian type — Structure of the Scottish Highlands and similar 
denuded Mountain chains— Mountain forms due proxmiately to denu 
dation— Sequence of events iii Mountain making— Geo sjnclmals— 
Ge antichnals — Mountain sculpture 

Different kinds of Mountain obatns —From what has been 
said in the preceding chapter, it will be inferred that the pro* 
duction of regional metamorphism is mtimately connected with 
the folding and faulting of rock masses, which have played such 
an important part m the formation of th© great mountain chains 

0 0 3 
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of the globe There are, it w true, mountains and mountain 
chains in which metamorphio rock masses do not appear 
Thus we have mountains of volcanic origin of the grandest 
dimensions , the tops of the great lava cones that rise above the 
surface of the Pacific to form the Sandwich Islands are nearly 
80,000 feet above the ocean floor on which they stand, and in 
the Andes such volcanic mountains unite to form a considerable 
chain In the district of the Jura, and in the western territories 
of the United States, we find examples of mountain chains 
which owe their ongin to uniclmal (monoclmal) or anticlmal 
foldings of the strata, or to the upheaval of rocks capable of 
resisting denudation along great lines of fault In all cases it 
must be observed that the proximate cause of the forms assumed 
by mountain masses is the action of subaerial denudation, which 
18 especially powerful m the higher regions of the atmosphere 
Appalachian type of Konntaln-ohalnB —In spite of the 
fact that there are certain types of momitains which have 
originated from causes other than those connected with the 
lateral movements in the earth’s crust that produce the 
folding, fracturing, and foliation of rock masses, it is clear that 
the majority of mountain structures, both in past and present 
times, must have owed their existence to these latter agencies 
This conclusion was first fairly brought home to the minds of 
geologists by the brothers W B and H D Rogers, in their 
investigation of the structures of the Appalachian Mountains 
It was shown by these authors that not only are the stiata 
greatly folded and faulted as we approach the central axis of the 
mountain chain, but that great reversed faults can be traced for 
more than eighty miles, along which one series of rocks is seen to 
be forced over another, sometimes for distances of twenty miles 
For such great reversed faults— the hade of which may some 
times nearly correspond with the horizontal plane — the name of 
‘ thrust ’ has since been suggested The two authors, to whom 
we have referred, clearly demonstrated the origin of those types 
of structure which are so constantly exemplified m mountain 
chains , they showed that ordinary symmetrical anticlmal and 
synclmal folds like those we have described m preceding 
pages, yielding to lateral pressure, have their axis plane pushed 
over farther and farther from the vertical position (see fig 725 a), 
and that the strain on the 'middle limb ’ of the fold eventually leads 
to elongation and fracture (see fig 725 b ) , this, if the tangential 
pressure continues to act, results m the formation of a typical 
' thrust ’ (see fig 725 c), which is nothing but a greatly exaggerated 
reversed fitult. One of the authors named, the late Professor 
fi. P, Bogen, eubsequently visited the Alps and showed that 
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the features described in the Appalachians were repeated on 
even a grander scale in the Alps The studies of Heim and 
other Swiss geologists have confirmed in the most strikmg 
manner the conclusions of the American geologists, and have 
served to explain how the features known as ‘ fan structure ’ 


Fig 726 



a Overfoltlcd strata b Overfold passing into reversed fault 
c Overthruat (the plane of faulting is often called a ‘ thrust-plane ’) 


Fig 726 



Fan structure i p^idting from lateral pressure A.ta « the opening out of 
the strati h dirceteil upwards, at b downwards 


Fig 727 



Strata showing ' double isochnsl overfolding ’ 


(see fig 726), and multiple foldmg (see fig 727), can be ex 
plamed by the great lateral or tangential pressures to which 
the rook masses have been subjected 

ttrnotnre of tbe Soottlsli Blflilanila --Nearly thirty 
years ago Professor J Nicol in seeking to explam the relations of 
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the rock masses of the North West of Scotland (see figs 629,680, 
p 436), invoked the aid of similar lateral thrusts to those 
described by Bogers m the Appalachians and the Alps , and 
though his views were opposed so long and so strenuously by 
Murchison and Geikie their correctness has been established by 
the later labours of Messrs Lapworth, Peach, Horne, and other 
observers (see fig 631, p 436) By these researches it has been 
made manifest that— just as we may often learn more about 
the nature and effects of volcanic action by investigating the 
greatly denuded basal wrecks of old volcanoes, than by studying 
volcanoes in actual eiuption — so the reseaichcs carried on in 
districts like Central Europe, Scandinavia, and the Highlands of 
Scotland may throw more light on the origin of mount ims and 
the causes of metamorphism than is to be gained by a study of 
the Alps and the Himalayas 

Bffeots of denudation in Mountain-chains. — In con 

nection with this subject it should be pointed out that all the 
great mountain chains at present existing on the globe arc of 
very recent age, geologically speaking All great mountain chains 
must be young mountain chains , for so rapid is the work of 
subaeml waste in the higher regions of the atmosphere, that 
the mountain chains of the earlier geological periods are now 
reduced to ‘basal wrecks,’ but in these it is often possible to 
study the results of the action of the forces engaged in mountain 
makmg, in a way that is not possible in mountain chains which 
have been less completely dissected by denudation 

Oiii:ln of Mountaln-cbulns.— The systematic study of the 
origin of mountain chains, begun by the brothers Rogers more than 
fifty years ago, has been admirably followed up by Dana and other 
American geologists, and it is largely owing to their efforts that we 
are now able to trace the succession of operations which, in the end, 
result in the formation of a great mountain chain 

Oeo-BjBoUnuU. - Mountain ranges, as pointed out by Suess, 
usually originate along lines of weakness in the earth’s crust indeed 
a mountain chain may be regarded as a cicatrised wound in the 
earth’s solid crust The original line of weakness may or may not 
be indicated by volcanic outbursts taking place along it , but in all 
cases the initial stage in the development of a mountain range con 
sists of a slow but prolonged subsidence in that part of the crust 
which 18 afterwards to become a mountainous mass The slowness 
of this subsidence is indicated by the fact that many thousands of 
feet of strata, some of them of littoral or shallow water origin, 
accumulate during many successive geological periods on the sub 
siding ocean fioor In this way is formed what the American geolo 
gists call a geo synchnai, which in the Appalachians consisted of a 
tbokness of 40,000 feet of strata, and in the Alps of 50,000 feet 
ae-Mtlolinals*— The next senes of operations contributing to 
the formation of the mountain chain is the action of lateral or 
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tangential thrusts whereby the great thickened masses forming the 
geosynclinai are folded and fractured, and the sundered masses 
being forced one over the other - in tht way we see so strikingly 
exemplified, not only in mountain chains like the Alps and Himalayas, 
but in districts like the Highlands of Scotland and Scandinavia 
where great mountains have once existed 

It 13 a most striking and significant circumstance that the great 
movements which gave use to the folding and elevation of the 
strata forming the Alps and Himalayas took place at the time when 
the sands and clays of the noithern pait of tlie Isle of Wight and 
the \iw Forest were being accumulated ' Strata ot the same age as 
the London Clay, the Barton Clay, and the Biacklesham beds are 
found in the Alps and Himalayas at heights of 10,000 and 10,000 
feet respectively Indeed it is probable that the nionoclmal fold 
which affects thi strata of the Isle of Wight with the anticlinal of 
the Weald and the synclinal of the I ondon Basin are but por 
tions of that series of eaith movements which, in Oligocene times 
and subsequently, affected the whole of the rocks of Southern Europe 
and Asia, and gave rise to the elevation of the Alps and Himalayis 
Denudation -The third great senes of opeiations conceined 
in the formation of mountain ranges consists in the sculpturing 
action of denudation which has gone on, to a great extent, side by 
side with the work of folding, crumpling, fiactuung and elevation 
While it lb true thit all the actual foinis of the lock masses consti 
tilting a mountain chain vie due to the sculpturing iction of denuding 
forces, it must not be forgotten how much that action has been con 
trolled ami nioditied by the great inteinal movements and changes 
within the earth’s ciust Such, very briefly sketched, seems to have 
been the general succession of events in the foimation of typical 
mountain chains— though of course local conditions have often 
modified the sequence in particular cases That the metamorphism 
of rock masses has been effected while they have been buiied at 
great depths, so as to have been exposed to a model ately high 
temperature and at the same time subjected to intense dynamical 
action, there is every ground foi believing But m the nature of the 
case, the actual processes by which particular rot k masses of this 
class have been formed must always be difhcult to determine 

It must not be supposed fioni what has been said that the folding 
and fracturing of rock masses is always attended with metaraorphism 
and the production of foliation While it is certainly true that all 
highly altered locks exhibit evidence of having been subjected to 
great movements and tangential strains, the coiiveise is by no means 
true Strata of all ages, flora the Carbomfeious upwaids, aie found 
in the Alps caught up in complicated folds, and themselves bent 
and puckered in the most remarkable manner, yet retaining their 
mmeralogical characters, and exhibiting their fossils almost unaltered 
Doubtless the depth at which a rock mass lies, and the conseiiuent 
temperature which it attains while it is being subjected to folding 
and fracture, and other surrounding circumstances, may have much 
to do with determining whether the process of recrystallisation shall 
be set up in the mass, and fohation thus produced, or not Mr 
Mallet has suggested that the mechanical work of rock crushing may 
be actually converted into heat and chemical action, and, if this be 
the case, then the time in which the operation is effected would 
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determine whether the results of the action would accumulate to 
produce great results or be gradually dissipated 


An excellent account of modern 
views concerning the origin of 
mountain chains of different types 
will be found in Dana’s ‘ Manual of 
Geology ’ (6th edition, 1895), pp 346- 
396 The student would also do 


well to consult the Memoir by Mr 
Bailey Wilhs ‘ On the Mechanics of 
Mountain Structure as displayed by 
the Appalachian ranges,’ pubhslied 
in the 18th Report of the U S Geo 
logical Survey 


CHAPTER XLI 

ORE DEPOSITS AND THEIR ORIGIN 

Ore deposits usually formed by Hypogene action~Cl issification of Ore 
deposits— Origination of Metalliferous Veins m fissures— Different ages 
of the formation and infilling of Veins— Proofs of successive opening 
and refilling of Veins— Comb structure in Veins— Irregularities in 
width of Veins— Chemical Deposition in Veins— Supposed relative 
ages of different metals 

Bypogene orlfln of most Ore deposits — The various 
deposits in which the ores of the metals employed m the arts 
are found are of great practical value to mankind, and the study 
of their mode of occurrence and origin is of the highest theo 
retical interest to geologists Some masses of the ores of iron 
and manganese, like the lake ores of Sweden (see p 48), are 
evidently of aqueous origin, and a few deposits of volatile 
compounds, like the sulphides of arsenic and mercury, are seen 
to be depoBit3d around volcanic vents But the great majority 
of the ore deposits, which are of such importance to mankind , 
are evidently of deep seated or hypogene origin, and are closely 
connected with platonic and inetamorphic rock-masses Some 
ores, like the ironstone of Cle\ eland and the Kupferschiefer of 
Thuringia, have been produced during the consolidation and 
alteration of stratified deposits The larger part of the precious 
and other metals used by man is obtained, however, from 
vems and analogous deposits, the nature and origm of which we 
must proceed to consider 

Different klnde of mineral velne — The mineral vems 
with which we are most famiharly acquainted are those of 
quartz and calcite, which are often observed to form lenticular 
masses of limited extent traversing both hypogene strata and 
foBBiliferous rooks Such veins appear to have once been chinks 
or small cavities, caused by the contraction or movement of the 
rook masses which they traverse. Siliceous, calcareous, and 
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occasionally metallic matters sometimes find their way into 
such empty spaces by infiltration from the surrounding rocks 
Carried by water or steam, metallic compounds may have per 
meated the mass until they reached those receptacles formed by 
shrinkage, and thus gave rise to that irregular assemblage of 
veins called by the Germans a ‘ Stockwerk,’ in allusion to the 
different floors on which the mining operations are in such cases 
carried on 

The late J A Phillips showed that in Nevada, hot springs 
rise to the surface and deposit silica, with metallic ores, includ 
mg gold and the compounds of mercury which mcrust the 
walls of the fissures 

The more ordmary or regular veins, usually highly inclined 
or vertical, have evidently been fissures produced by similar 
mechanical actions They traverse all kinds of rocks, both 
hypogene and fossiliferous, and extend downwards to indefinite 
or unknown depths We may assume that they correspond 
with such rents as we see caused in rocks by movement and 
faulting Metalliferous veins are occasionally a few inches 
wide, but more commonly 3 or 4 feet, and some are as much 
as 160 feet in width They hold their course continuously 
in a certain prevailing direction for a short distance or for 
miles or leagues, passing through rocks varying m mineral 
composition 

Metalliferous veins were fissures —There aie proofs m 
almost every mining district of a succession of faults, by which the 
opposite walls of rents, now the receptacles of metallic substances, 
have suffered displacement Thus, for example, suppose a a, fig 
728, p 570, to be a tin lode m Cornwall, the term lod( being applied 
to veins containing metallic ores This lode, running east and 
west, IS a yard wide, and is shifted by a copper lode (6 6), of similar 
width The first fissure {a a) has been failed with various raateiials, 
partly of chemical origin, such as quartz, fluor spai, tinstone, 
copper glance, arsenical pyrites, native bismuth, and mokeliferous 
pyrites, and partly of mechanical origin, comprising clay and 
angular fragments or detritus of the intersected rocks The succes 
sive deposits of spars and ores are, in some places, parallel to the 
vertical sides or walls of the vein, being divided from each other by 
alternating layers of clay, or other earthy matter Occasionally, 
however, the metallic ores aie disseminated m detached masses 
among the sparry minerals or vein stones 

It IS clear that, after the gradual introduction of the tinstone and 
other substances, the second rent (6 h) was produced by another 
fracture accompanied by a displacement of the rocks along the plane 
of 6 6 This new opening was then filled with minerals, some of 
them resembling those in a a, as fluor spar and quartz , others 
different, the copper ore being plentiful, and the tin ore wantmg or 
very scarce We must next suppose a third movement to occur. 



570 


AGE OF VEINS 


[CH XL! 


breaking asunder all the rocks along the line c c, fig 729 , the fissure, 
in this instance, being only six inches wide, and simply filled with 
clay, derived, piobably, from the friction of the walls of the rent, or 


Fig 728 



partly, perhaps, washed in from above This new movement has 
displaced the rock m such a manner as to interrupt the continuity 
of the copper vein (b b), and, at the same time, to shift or heave 



SYSTEMS OF VEINS 


571 


laterally in the same direction a portion of the tm vein which had 
not previously been broken 

Again, in fig 730, we see evidence of a fourth fissure {d d), also 
filled with clay, which has cut through the tin vein {a a), and has 
lifted it slightly upwards towards the south The various changes 
here represented are not ideal, but aie exhibited in a section 
obtained in working an old Cornish mine, long since abandoned, in 
the parish of Eedruth, called Huel Peever, and described both by 
Williams and Came The principal movement here referied to, or 
that of c c, fig 729, extends through a space of no less than 84 feet , 
but in this, as in the case of the other three, it will be seen that the 
outline of the country above, d, c, 6, a, Ac , or the geographical fea 
tures of Cornwall, are not affected by anj ot the dislocations a 
powerful denuding force having clearly been exerted subsequently to 
all the faults It is commonly said in Cornwall that there are eight 
distinct systems of veins, which can m like manner be referred to as 
many successive movements or fractures , and the (ierman miners 
of the Hartz Mountains speak also of eight systems of veins, re 
ferable to as many periods 

Besides the proofs of mechanical action already explained, the 
opposite walls of veins are often beautifully polished, as if glazed, 
and are not unfrcquently striated or scored with parallel furrows and 
ridges (slickensidcs), such as would be produced by the continued 
rubbing together of surfaces of unequal hardness 

In some of the veins m the Mountain limestone of Derbyshire 
containing galena, the vein stuff, which is nearly compact, is occa 
sionally tiaversed by what may be called a vertical ciack passing 
down the middle of the vein The two faces in contact are slicken 
sides, well polished and fluted, and sometimes coveied by a thin 
coating of lead ore When one side of the vein stuff is removed, 
the other side cracks, especially if small holes be made in it, and 
fragments lly off with loud explosions (owing to the relief from strain), 
and continue to do so for some days The miner, availing himself of 
this circumstance, makes with his pick small holes about six inches 
apart and 4 inches deep, and on his return in a few hours finds 
every part ready broken to his hand 

That a great many veins communicated originally with the 
surface of the country above, or with the bed of the sea, is proved by 
the occurrence of well rounded pebbles m them, agreeing with those 
m superficial alluvia, as in Auvergne and Saxony Marine fossil 
shells, also, have been found at great depths, having possibly been 
engulfed during submarine earthquakes Thus, the late Charles 
Moore described lead veins traversing the Carboniferous Imiestone of 
the Mendips in Somerset, which at the time they were filled must 
have been in communication with the Liassic sea, for he found Lias 
fossils in them In Com wall, Came described true pebbles of quartz 
and slate as occurring in a tin lode of the Relistran Mine, at the 
depth of 600 feet below the surface They were cemented by tin 
stone and copper pyrites, and were traced over a space more than 
twelve feet long and as many wide When different sets or systems 
of veins occur in the same countiy, those which are supposed to be 
of contemporaneous origin, and which are filled with the same kind 
of ores, often maintain a general parallelism of direction Thus, 
for example, both the tin and copper veins in Cornwall run nearly 
I 
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east and west, while the lead veins run north and south , but there 
IS no general law of direction common to different mining districts 
The parallelism of the veins is another reason for regarding them as 
ordinary fissures, for we observe that faults and volcanic dykes, 
admitted by all to be masses of melted matter which have filled 
rents, are often paraUel 

Fracture, Reopening, and SuooeaatTe Formatioii of 

Velna.—Assuming, then, that veins are simply fissures m which 
chemical and mechanical deposits have accumulated, we may next 
consider the proofs of their having been filled gradually and often 
during successive enlargements 

Werner observed, in a vein near Gersdorff, in Saxony, no less 
than thirteen bands of different minerals, arranged with the utmost 
regularity on each side of the central layer This layer was formed 
of two plates of calcareous spar, which had evidently lined the 
opposite walls of a vertical cavity The thirteen beds followed each 
other in corresponding order. 
Fig 731 consisting of fluor spar, heavy 

spar, galena, &c In these 
cases the central mass has 
been last formed, apd the two 
plates which coat the walls 
of the rent on each side are 
the oldest of all If they 
consist of crystalline precipi 
tates, they may be explained 
by supposing the fissure to 
have remained unaltered in 
its dimensions, while a senes 
Copper lode, near Rodrutli enlarged at of changes occurred in the 
iuocessive periods nature of the solutions which 

rose up from below , but such 
a mode of deposition, in the case of many successive and parallel 
layers, appears to be exceptional 

If a veinstone consists of crystalline matter, the points of the 
crystals are always turned inwards, or towards the centre of the 
vein , in other words, they point in the direction where there was 
space for the development of the crystals Thus each new layer 
receives the impression of the crystals of the preceding layer, and 
imprints its crystals on the one which follows, until at length the 
whole of the vein is filled , the two layers which meet dovetail the 
points of their crystals the one into the other But in Cornwall, 
some lodes occur where the vertical plates, combs, as they are there 
called, exhibit crystals so dovetailed as to prove that the same fissure 
has been often enlarged De la Beche described the following 
curious and instructive example (fig 731), from a copper mine m 
granite, near Redruth Each of the plates or combs (a, o, c, d, e,f) is 
doubled, having the points of their crystals turned inwards uong 
the axis of the comb The sides or walls (2, 3, 4, 6, and 6) are 
parted by a thin covering of ochreous clay, so that each comb is 
readily separable from another by a moderate blow of the hammer 
The breadth of each represents the whole width of the fissure at six 
successive periods, and the outer walls of the vein, where the first 
narrow rent was formed, consisted of the granitic surfaces 1 and 7 
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A somewhat analogous interpretation is applicable to many 
other oases, where olay, sand, or angular detritus ^temates with 
ores and veinstones Thus, we may imagine the sides of a fissure 
to be mcrusted with siliceous matter after the manner observed by 
Von Buch in Lancerote He noticed that the walls of a volcanic 
crater formed in 1731 were traversed by an open rent in which 
hot vapours had deposited hydrous silica, the incrustation nearly 
extending to the middle Such a vein may subsequently be filled 
with clay or sand, and afterwards reopened, the new rent dividing 
the argillaceous deposit, and allowing a quantity of rubbish to fall 
down Various ores and spars may then be precipitated from 
aqueous solutions percolating among the interstices of this hetero 
geneous mass 

That such changes have taken place repeatedly is demonstrated by 
the occurrence of occasional cross veins, implying the oblique fracture 
of previously formed chemical and mechanical deposits Thus, for 
example, M Fournet, in his description of some mines in Auvergne, 
worked under his superintendence, observes that the granite of that 
country was first penetrated by veins of massive granite and then 
dislocated, so that open rents crossed both the granite and the 
granitic veins Into such openings, quartz, accompanied by iron 
pyrites and arsenical pyrites, was introduced Another movement 
then burst open the rocks along the old line of fracture, and the first 
set of deposits was cracked and often shattered, so that the new rent 
was filled not only with angular fragments of the adjoining rocks, 
but with pieces of the older veinstones Polished and striated 
surfaces on the sides or in the contents of the vein also attest the 
reality of these movements A new period of repose then ensued, 
during which various sulphides were introduced, together with 
chalcedonic silica of the variety known as hornstone, by which 
angular fragments of the older quartz before mentioned were 
cemented into a breccia This period was followed by other dila 
tations of the same veins, and the introduction of new sets of 
mineral deposits, as well as of pebbles of the basaltic lavas of 
Auvergne, derived from superficial alluvia, probably of Miocene oi 
even older Pliocene date Such repeated enlargement and reopening 
of veins might have been anticipated, if we adopt the theory of 
fissures, and reflect how few of them have ever been sealed up 
entirely, and that a country with fissures only partially filled must 
naturally offer much feebler resistance along the old lines of fracture 
than anywhere else 

Cause of alternate oontraotion and swelling In veins —A 

large proportion of metalliferous veins have their opposite walls 
nearly parallel, and sometimes over a wide extent of country But 
many lodes in Cornwall and elsewhere are extremely variable in size, 
being 1 or 2 inches in one part, and then 8 or 10 feet m another, at 
the distance of a few fathoms, and then again narrowing as before 
Such alternate swelling and contraction are so often characteristic 
as to require explanation The walls of fissures in general, as De la 
Beche pointed out, are rarely perfect planes throughout their entire 
course, nor could we well expect them to be so, since they commonly 
pass through rocks of unequal hardness and different mineral com 
position U, therefore, the opposite sides of such irregular fissures 
idlde upon each other, that \9 to say, if there be a fault, as in the 
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case of so many mineral veins, the parallelism of the opposite walls 
IS at once entiiely destroyed, as will be readily seen by studying the 
annexed diagiams 

Let rt, b, hg 732, be a line of fracture traversing a rock, and lot 
a, b, fig 733, represent the same line Now, if we cut in two a 
piece of paper representing this line, and then move the lower 
poition of this cut paper sideways fiom a to a, taking care that the 




two pieces of paper still touch each other at the points 1, 2, 3, 4, 5, 
we obtain an niegular apertuie at c, and isolated cavities d dd, and 
when we compare such figuies with Nature we find that, with certain 
modifications, they represent the interior of faults and mineral veins 
If we mo^ e the lowci part of the papei towards the left about the 
same distance that it was previously moved to the light, we obtain 
considerable variation in the cavity so produced, two long irregulai 
open spaces, / /, fig 734, being then formed This will serve to 
show to what slight circumstances considerable varia 
tions in the character of the openings between un 
e\enly fiactuied surfaces may be due, such surfaces 
being moved upon each other, so as to have numerous 
points of contact 

Most lodes are peipendicular to the horizon, oi 
nearly so , but some of them have a considerable 
inclination or ‘ hade,’ as it is termed, the angles of 
dip being very various The course of a vein is fre 
quently very straight, but, if tortuous, it is found to 
be choked up with clay, stones, and pebbles, at points 
where it departs most widely from verticahty Hence 
at places, such as «,fig 735, the miner complains that 
the ores are ‘ nipped,’ oi greatly leduced in quantity, 
the space for then free deposition having been inter 
fered with in consequence of the preoccupancy of the lode by earthy 
materials When lodes are many fathoms wide, they are usually 
filled for the most part with earthy matter and fragments of rock, 
through which the ores are disseminated The metallic substances 
frequently coat or encircle detached pieces of rock, which our miners 
call ‘ horses ’ or * riders ’ That we should find some mineral veins 
which split into branches is also natural, for we observe the same in 
regard to open fissures 

Ctaemioal deposits in veins.— If we now turn from the me 
chanical to the chemical agencies which have been instrumental in 
the production of mineral veins, it may be remarked that those 
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parts of fissures which were choked up with the rums of fractured 
1 ocks must always have been filled with water , and almost every 
vein has probably been the channel by which hot springs, so common 
in countries of volcanoes and earthquakes, have made their way to 
the surface For we know that the rents in which ores abound 
extend downwards to vast depths, where the temperature of the 
interior of the earth is more elevated We also know that mineral 
veins are most metallifeious near the contact of plutonic and strati 
tied foimations, especially where the former send veins into the 
latter, a ciicumstance which indicates an original proximity of veins 
at their inferior extremity to igneous and heated rocks It is, 
mortovei, acknowledged that even those niineial and tlurmal 
springs, which, in the present state of the globe, are far from 
volcanoes, aie neveitheless obseived to burst out along great lines 
of upheaval and dislocation of rocks It is also ascertained that, 
among the substances with which hot jigs are impregnate d, such 
as are volatile also occur in the gaseous emanations of volcanoes 
The whole of these aic also among the constituents of the minerals 
most usually found m veins, such as quartz, calcite, fluor spar, the 
metallic sulphides, heavy spar, brown spar, and the oxides ot iron 
We may add that, if veins have been filled with gaseous emanations 
from masses of melted matter, slowly cooling m the subterranean 
regions, the contraction of such masses as they pass from a plastic 
to a solid state would, according to the experiments of Deville on 
granite (a rock which may be taken as a type) produce a re 
duction in volume amounting to 10 pei cent The slow crystallisa 
tion, theieforc, of such plutonic rock' supplies us with a force not 
only capable of rending open the incumbent rocks by causing a 
failure of support, but also of giving use to fissures whenever one 
portion of the earth’s crust subsides slowly while another contiguous 
to it happens to lest on a different foundation, so as to remain un 
moved 

Although we are led to infer, from the foregoing reasoning, that 
theie has often been an intimate connection between metalliferous 
veins and hot springs holding mineral matter m solution, yet we 
must not on that account expect that the contents of hot springs 
and mineral veins would be identical On the contrary, M E de 
Beaumont has judiciously observed that we ought to find in veins 
those substances which, being least soluble, are not discharged by hot 
springs —or that class of simple and compound bodies which the 
thermal wateis ascending from below would first precipitate on the 
walls of a fissure, as soon as their tempeiature began slightly to 
dimmish The higher they mount towards the surface, the more 
will they cool till they acquire the average temperature of springs, 
being in that case chiefly charged with the most soluble substance*?, 
such as salts of the alkalies, soda and potash These are seldom met 
with in veins, although they enter so largely into the composition of 
granitic rocks 

To a certain extent, therefore, the arrangement and distribution 
of metallic matter in veins may be referred to ordinary chemical 
action, or to those variations in temperature which waters holding 
the ores in solution must undergo as they rise upwards from great 
depths in the earth But there are other phenomena which do not 
admit of the same simple explanation. Thus, for example, in 
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Derbyshire, \eins containing ores of lead, 7inc, and copper, but 
chiefly lead, traverse alternate beds of limestone and basalt The 
ore IS plentiful where the walls of the rent consist of hmestone, but 
IS reduced to a mere string when they are formed of basalt, or * toad 
stone,’ as it is called provincially Not that the original fissure is 
narrower where the basalt occurs, but because more of the space is 
there filled with veinstones, and the waters at such points have not 
parted so freely with their metallic contents 

Lodes in Cornwall are very much influenced in their metallic 
riches by the nature of the rock which they traverse, and they often 
change in this respect very suddenly, in passing from one rock to 
another Thus many lodes which yield abundance of ore in granite 
are unproductive in clay slate, or killas, and tm vend 

Ttieorles as to tbe Orltrin of Ore-depoaito.— In recent 
years the studies carried on in the Western States of North America, 
in South Ameiica, South Africa, and Australia, have shown that ore 
deposits are much more varied in character than was supposed by 
the students of mineral veins in Saxony and Cornwall It has been 
found necessar), in order to account for some of these deposits, to 
modify and extend the theories which were thought sulhoient to 
explain the origin of oidinary veins 

Professor Clement Le Neve Foster classifies all ore deposits under 
the following heads — 

I Tabularorsheetl,ke,md»d,ng{* depo»>‘s 

A Necks or pipes (like the 
diamond rocks of South 
Africa) 

II Masses including B Stockworks, or ‘ Network 

deposits ’ 

Various irregular masses of 
doubtful oiigin 

The origin of veins and other ore deposits has, according to the 
same authority, been variously referred to the following causes — 

1 Fractuie and motion with mechanical filling 

2 Fracture and injection of molten matter 

j A from above 

3 Fracture and deposition from solutions, j B from below 

I C from the sides 

4 Fracture and sublimation, or deposition from gases 

Very much still remains to be done in the study of ore deposits, 
before we can hope to supply reasonable explanations of many of 
the remarkable occurrences of metallic ores within the earth’s crust 

For further information on the U S Geological Survey on the 
subject of Ore deposits the student Comstock Ijode, the Leadville and 
18 recommended to consult J A the Eureka deposits, and that on the 
Phillips 8 ‘Ore deposits, 18H4, and Quicksilver deposits of the Pacific 
the various monographs of the Slope 
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CHAPTER XLII 

ON THF DIFFERENT AGES OF METAMORPHIC ROCKS, MOUNTAIN 
CHAINS AND ORE DEPOSITS 

How tho age of Jlftimorphic Rooka is (Ittermined- Period of original 
formation— Pill od of Metamorjihism — Disturbed condition of Meta 
morphie Rocks — Age of Rocks formed by Contiit me tamorphism— 
Similarity of Rocks fonned by Contact metamorphism to those pro 
duced by Regional metamoiphisni- Difriciiltj of determining age of 
Rocks formid by litter process — Metamorphic Rocks of the Alps— 
Supposed T( rtiar> age— Metamorphic Rocks of Mesozoic Age -Meta 
morphic Rocks of Newer Palseozou Age— Metamorphic Rocks of Older 
PaliPO/oicAge- MetamorjihicRocksof Pre C imbrian Age — Uniformity 
of clnractc rs in Metamorphic Rocks of all ages- Supposed parallelism 
of Mount iin cluinsfoimcd during differint periods- Mount iin diims 
of Teitury, Mesozoic, Paleeozoic, and Archaean Ages— xVgea of Ore 
deposits— Supposed relative ages, of cliffeieiit metils—Origm and age 
of Crold deposits 

Tests of the age of Metamorpblc Socks- ha\e seen 
in the cirlier chapters of this work that, means of stratigr iphi 
cal and palaeontological evidence, a thionological sequence can 
be traced among the various deposits ol aqueous origin forming 
the earth’s cnist In the case of the rocks of voharuc origin, 
the relations which the> exhibit to stratified masse<?, and the 
fossils which they occasionallv (ontiin,en<i,ble us - though often 
with some doulit and hesit ition — to nfer tho vinous lavas and 
tuffs to portions ot the same sequence But, when we pass from 
the epigene to the hjpogeno rocks, the task of making out a 
chronological succession among the intiusive or /ihdouic masses 
has been shown to be beset with far more serious difhcnlties, 
and the conclusions arrived it consequently liable to much 
greater uncertainty 

It 18 in the case of the metamorphic rocks, however, that 
the geologist experiences the greatest amount of difficulty m deter 
mining their relative ages Not only do we find, as in the case 
of the plutomc rocks, tint the younger hypogeno rocks are but 
rarely exposed by denudation at the surface, but the fact that ex 
treme regional metamorphism is m almost all cases connected 
with great terrestrial movements, prepares us for encountering 
repeated foldings, complicated inversions, and violent displace 
ments of rock masses , and under these circumstances— all 
traces of fossils having necessarily been destroyed m the re 
crystallised materials— geologists often find it extremely difficult, 
if not quite impossible, to arrive at definite conclusions concernmg 
their origmal sequence. 
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Bltturbed condition of Metamorpblo Rooko — Accord 
ing to the theory of metamorphism adopted in this work, the 
metamorphic and foliated rocks have been deposited during 
one geological period, and have become crystalline at another 
and later period We can rarely hope to define with exactness 
the date of each of these periods, the fossils having been destroyed 
by the process of crystallisation, while mineral characters are 
identical m rocks of very different ages 

When we come to study the metamorphic rocks in detail, 
moreover, we find abundant evidence that, before or during 
metamorphism, rocks of the most varied geological age may 
have become infolded with or faulted against one another , and 
further, that the work of luetamoiphisin, resulting m recrystalli 
sation and foliation, has not been accomplished in a single 
period, but has probably been repeated again and again at 
different geological epochs Hence we must not be surprised to 
find that, Avith respect to many of these greatly disturbed and 
much altered rock masses, the task of unrav ellmg their comph 
cated history has proved an insuperable one, and geologists have 
been unable to arrive at anything like agreement concerning all 
the difficult problemspresented to them by the metamorphic rocks 
Relative a8:es of Rocks formed by Contact-metamor* 
ptaiem —The simplest cases are undoubtedly those presented 
to us in the study of contact metamorphism Within a distance 
of two miles or less, we may often find a rock crowded with 
fossils undergoing progressive changes, as we approach the 
Igneous intrusion, until at last— as new crystals of minerals multi 
ply m the mass, and all traces of organisms are finally oblite 
rated- the rock ma} become highly crystalline, and oven perfectly 
foliated In man} cases the passage from the fossiliferous to 
the crystalline rock can be followed m such obvious gradations, 
that no doubt about the geological age of the material out of 
which the slate, schist, or gneissose rock has been formed can 
possibly exist If we are able also to determine the period of 
the intrusion of the igneous mass around which this contact 
metamorphism is developed, we have then before us all the data 
necessary for settlmg the mam facts concerning the chronology 
of a metamorphic rock 

That this metamorphic process is going on at the present 
day, around great igneous intrusions, we have conclusive evidence 
in thd fragments thrown from the vents of Vesuvius and other 
volcanoes These ‘ejected blocks' have evidently been torn 
from the rocks through which the igneous materials are forcing 
their way to the surface , they sometimes contain fossils which 
can be distinctly recognised, but at other times exhibit the signs 
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of more and more complete recrystallisation, not unfrequently 
accompamed with the development of a distinctly foliated 
structure 

Stratified and fossihferous rocks belonging to every geo- 
logical period, fi’om the Tertiary downwards, are found altered 
m this way by igneous intrusions of every date, so that in the 
case of the rocks produced by contact metamorphism the 
continuity and uniformity of metamorphic processes, from the 
earliest periods of the geological history down to the present 
day do not admit of doubt 

Analogy between Books formed by Contact* and 
Reglonal-metamorphlam respectively — Recent petrogra- 
phical researches have undoubtedly tended towards the conclu* 
Sion that there is a much closer analogy between the rocks 
produced by contact metamorphism and those which are the 
result of regional metamorphism than was at one time supposed 
In the /ones surrounding great granitic bosses like those of 
Galloway, so well described by Miss I Gardiner, we find 
mica schists rich in garnets and other accessory minerals, which 
have undoubtedly been formed by the alteration of Ordovician 
greywackcs and flagstones, yet those nevertheless are not 
distinguishable by any important characters from the mica 
schists, intercalated with gneisses, and similar rocks forming 
portions of districts which have been subjected to regional 
metamorphism On the other hand, minerals at one time 
supposed to be especially characteristic of the rocks formed by 
contact metamorphism, such as andalusite, silhmanite, kyamte, 
staurolite, &c , have now been found to be much more widely 
distributed and to form important constituents not only of the 
schists but also of the granitic gneisses of districts where the 
rocks have resulted from regional metamorphism 

Belatlve ages of Rocks produced by Regional meta- 
morphism — In the face of the almost total absence of palseonto 
logical evidence, and the obliteration of all structural characters 
by recrystallisation and foliation, the task of defining the age 
of the great masses of hypogene and highly altered rocks is one 
surrounded by great and indeed almost insuperable difiiculties 
Rooks affected by slaty cleavage are certamly known belonging 
to every geological epoch , the slates of Gians contain fish of 
Eocene age , and other cleaved rocks might be adduced that can 
be referred to almost every division of the Mesozoic and 
Palaeozoic epochs In many cases, too, these ‘ clay slates ’ are 
found passing msensibly mto true ‘phyUites,’ m which a 
considerable amount of chemical change has taken place m 
addition to the meohamcal effects of pressure. 
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In Norway, as Professor Reusch has so well shown, there 
are undoubted phyUites, approaching to true schists in stnicture, 
which contain tnlobites, brachiopoda, and corals of Silurian 
age Scarcely less altered rocks with Devonian fossils occur in 
Devonshire It would be unreasonable to expect that rocks 
which can only ha\ e undergone the extremes of metamorphic 
change by being buried to most profound depths in the earth’s 
crust should bo frequently exhibited at the earth’s surface by 
denudation, unless they were of great geological antiquity 

hen so exposed, it is often not possible to assert with confidence 
that they are really integral parts of the great masses among 
which they now ho, and ha\e rot been caught up and rolled 
out among rocks of hr greater antiquity 

Some geologists of authority, indeed, ha\e been led to affirm 
that the great and w ide spread masses of gneiss and schist 
covering vast areas of the earth s surface hav e so little m 
common with the smaller masses that can be proved to have 
been formed b-^ contact metamorphism or by the meta 
morphism of sedimentai y and igneous materials, that we must, 
in all cases, infer for these very highly crystalline masses a 
pre rala?070ic age, and probably an origin different from that of 
any rocks formed since the commencement of the geological 
record 

IJiit it must be remembered that, yust as it has been found 
impossible by petrologists to point out any fundamental distinc 
tions between the rocks formed by contact metamorphism and 
those resulting fiom more wide spread action at greater depths 
upon ancient sediments, lavas and tuffs, so the difTeience between 
the characters of the granitic gneisses and true sehists on the 
one hand, and the phylhtes and similar rocks on the other, is, to 
say the least, often shadowy and indefinite It is not unreason- 
able to suppose that a more deeply seated action, a higher 
temperature, or the more intense oi more prolonged operation of 
dynamic agencies, may lead to changes the result of which is 
seen in the most perfectly recrystallised metamorphic rocks , for 
these changes differ in degree rather than in kind from those 
the effects of which we can so clearly follow 

On the other hand, it would be rash to affirm that among 
the widely spread and highly crystalline rocks that underlie all 
the rocks, the sedimentary or volcanic origin of which can be 
clearly demonstrated, there may not be found some of which the 
origin 18 different from that of the undoubted metamorphic rooks 
— some relics of a primaeval condition of the earth, when rock 
masses may have been formed under conditions essentially dif 
ferent from those which now prevail in the ewth’s crust. As, 
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however, the metamorphic theory — admitting such extension of 
it as 18 reasonable with increasing temperature and pressure — 
seems fully adequate to the explanation of the origin of these 
highly crystalline rocks, the onus of proof that other conditions 
prevailed during their formation rests with those who make the 
assertion 

Bxamples of Rocka formed by Regional metamorphlsm 
whiob are of different Geological ages Ow mg to the great 
foldings and faulting to which most met imorphic rooks luve been 
subjected, great differentts of opinion have arisen concerning the 
relative ages ot many metamorphic masses The following state 
ments concerning certain cases, therefore, must be taken as indicating 
probabilities nther than actually demonstrated conclusions 

Metamorphic Rooks of the Alps possibly of Tertiary 
age —The existence of rocks in mountain masses of Palieo/oio, 
Secondary, and even of Eocene age, metamorphosed into crystalline 
schists, has been asserted over and over again m the Alps The late 
Professor Favre, oi Geneva, to whom wc owe so much correct know 
ledge regarding the Alps, traced the ongin of Mont Blanc fiom a 
time when palico/oic rocks of Carboniferous age, with their beds of 
coal and plant remains, were deposited upon a partially submerged 
region of gneiss and crystalline schists Many of the strata contain 
the denuded remains of these schists Homi distuibance occurred, 
and the setondary rocks were laid down during subsidence, and 
finally the Nuinmulitie series of oveilying sandstones Then came 
the great movement ot mountain making, and the stiata and schists 
were cuived, folded, faulted, inverted, and thus schists weie foieed 
above the rcveised fossiliferous sern s The products of the wear and 
tear ot the mountain mass collected m the form ot stiata of gravels 
and chys on its flanks, and at last the final tangential movements 
came, which added to the complication by inverting the last made 
strata on the flanks of the Alps, so that they appear to dip undei 
neath the Nummulitie group 

A veiy remaikable paper on the geology of the Alps, by Murchison, 
in 1848, refers to the Pass of Martinsloch, in Glarus, 8,000 feet 
above sea level In this locality, Nummuhtic beds dipping B S E , at 
a high angle, are regularly overlaid by the succeeding J lysch sand 
stone, lesting uncontormably, and in a nearly horizontal attitude, 
upon the edges of which are 150 feet of hard Jurassic limestone, 
overlain in its turn by talcose and micaceous sclmh, which were 
regarded by Escher as similar to those which underlie these lime 
stones in the valley below The mass of Flysch appears nearly to 
dip beneath these limestones, which in their turn are oveilain by 
Neocomian and Cretaceous strata The superposition of the schists 
may not have been original but may have been biought about by frac- 
ture and displacement along an anticlinal Similar great inversions 
are seen in the Valley of Chamounix, where secondary limestones dip 
at a high angle towards Mont Blanc, and plunge beneath its crystal- 
line schists 

In one of the sections described by Studer in the highest of the 
Bernese Alps, namely, m the Roththal, a valley bordering the line of 
perpetual anow on the northern side of the Jungfrau, there occurs a 
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mass of gneiss 1,000 feet thick and 15,000 feet long, which is seen 
not only resting upon, but also again covered by strata containing 
oolitic fossils These anomalous appearances may partly be explained 
by supposing great solid wedges of intrusive gneiss to ha\e been 
forced in laterally between strata to which they are found to be in 
many sections unconformable (see fig 727, p 665) The superposition 
also of the gneiss to the oolite may be due to a reversal of the original 
position of the beds in a region where the contortions have been on 
BO stupendous a scale 

Most living Swiss geologists, like Heim, Baltzar, and Renevier, 
believe that some of the metamorphic rocks of the Alpine chain 
represent Newer Palieozoic, Mesozoic, and even Eocene rocks, which 
have undergone great metamorphism This conclusion is, however, 
disputed by Professor Bonney and some other geologists, who explain 
the position of younger rocks among the schistose masses of the 
Alpine chain by asserting that they are due in all cases to folding 
and faulting of the rocks 

Metamorphic Sedimentary Socks of Mesoaolo Age,— 

Neumayr and other geologists have described masses of chlorite 
schist, mica schist, and gneiss in Greece, as alternating with beds of 
more or less altered limestone which, in some cases, contain obscure 
but undoubted traces of fossils The rocks from which these meta 
morphic fossils were formed are supposed to be the Hippurite lime 
stones and other Cretaceous strata, and the metamorphisra must 
have occurred in post Cretaceous, if not Tertiaiy times 

In the coast ranges of the Pacific Slope of California, Dr Becker 
and the o&cers of the United States Geological Survey have de 
scribed granulitic rocks, glaucophane schists, phthanites (silicified 
limestones) and serpentmous rocks as being formed from stratified 
masses of undoubted Neooomian age Other strata of Jurassic age 
in California are, according to Whitney, found altered into clay slate, 
talcose slate, and serpentmous rocks 

Northern Apenmnes, Carrara —The celebrated marble of 
Carrara, used in sculpture, was once regarded as a type of primitive 
limestone The absence of fossils, its mineral texture and composi 
tion, and its passage downwaids into talc schist and garnetiferous 
mica-schist, gave it the appearance of a rock of great age, especially 
as underlying gneisses, penetrated by granite veins, are believed to 
graduate into the schists The variety of opinions regarding the 
age of this limestone which have been published by competent 
authorities should warn the student against geological dogmatism 
in this difficult question of the age of metamorphic rocks Most 
geologists believe that the marble is an altered Tnassic or Jurassic 
limestone, and that the underlying schists are altered plutonic rocks 
of secondary age 

Xzamplea of Metomorphio Books of Ifewer Palaeoiolo 
are.— Besides the cases of altered Carboniferous rocks converted 
into schists which have been asserted by many geologists to occur m 
the Alps, we have in the distnct of the Taunus in Central Germany, 
as pointed out by Lossen, Lower Devonian strata altered into vanous 
clay slates and spotted slates, with quartzites, phyllites, mica schist, 
and even sencite gneiss Although some authors assert these altered 
strata to be of Older Falffiozoic age, yet no good grounds have been 
rddnoed for assigning them to an earlier geological period than that 
to which they were referred by Lossen. 
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In the Ardennes, Dumont and Benard have shown that a senes 
of quartzites and phyllites graduating into highly crystalline rocks 
contaimng hornblende, mica, garnet, sphene, graphite, and many 
other minerals, are really the altered representatives of Devonian 
strata In the metamorphosed rocks Sandberger has been able to 
detect two undoubted forms of Devonian Brachiopoda 

Metamorphio Rooks of Older Paleeoxolo agre —The most 
interesting examples to the British geologist of rocks of this age 
are those found in the Highlands of Scotland We have already 
seen that, pushed over the Lewisian gneisses and the Toiridonian 
sandstones, and the Cambrian limestones, quartzites, and shales 
by great reversed faults (thrusts), we find the great masses of 
gneiss (Caledonian ot Callaway, and Dalradian of Geikie), which 
cover so large a portion of Scotland, north of the valleys of the 
Forth and Clyde (see fig 631, p 436) These gneisses and schists have 
a very different aspect from the Lewisian or fundamental gneiss, and, 
as long ago pointed out by Nicol, graduate when traced southwards 
towards the central valley of Scotland into slaty rock4, in which, 
however, fossils ha\e not yet been found The ofiicers of the 
Geological Survey are led to conclude that these ‘ younger schists 
and gneisses ’ of the Highlands are really the altered lepresentatives 
of Torridonian, Cambiian, and Ordovician strata and of igneous 
intrusions in them, and that the metamorphism oi these locks was 
effected in Siluiian times 

In Scandina\ia, Cambrian, Ordovician, and even Silurian strata 
are similarly found converted into quartzites, phyllites, and even 
true schists and gneisses the clastic origin of the rocks being be* 
trayed, however, by the piesence of pebbles, and even in some cases 
by traces of fossils 

In the Green Mountains of New England, Dana and others have 
described schists and limestones, which have been formed by the 
metamorphism of the Ordovician strata of the district 

Metamorpblo Rocks of pre-Cambrian age —Many of the 
schists and gneisses of the globe are undoubtedly older than the 
oldest known fossiliferous rocks, for these latter not only o\eilie 
them, but contain fragments derived fiom them As we have 
already pointed out, these undoubtedly pre Cambrian gneisses and 
schists have not been shown to exhibit any characters by which 
they can be clearly distinguished from rocks of the same class be 
longing to later periods 

Order of Succession in Metamorphlo Rooks —It has been 
remarked that, as the hypogene rocks, both stratified and unstratified, 
crystallised originally at a certain depth beneath the surface, they 
must always— in order to be upraised and exposed at the surface by 
denudation— be of considerable antiquity, relatively to a large portion 
of the fossiliferous and volcanic rocks Whether they were forming 
during all the geological periods is a debated question , but before 
any of them can become visible, they must be raised above the level 
of the sea, and the rocks which previously concealed them must 
have been removed by denudation There is no universal and in- 
variable order of superposition among metamorphic rocks, although 
a particular arrangement may prevail throughout districts of great 
extent 

If we investigate different mountain chains, we find gneiss, 
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mica schist, horablende schist, chlorite schist, crystalline limestone, 
and other rocks, succeeding each other, and alternating with each 
other in every possible order But the rule is that the thicker 
gneisses and most foliated schists are the oldest It is, indeed, more 
common to meet with some variety of clay slate forming the upper 
most member of a metamorphic series than any other rock , but this 
fact by no means implies, as some have imagined, that all clay slates 
were formed at the close of animaginary period, when the deposition 
of the crystalline strata gave way to that of ordinary sedimentary 
deposits Such clay slates, in fact, are variable m composition, and 
sometimes alternate with fossiliferous stiata, so that they may be 
said to belong almost equally to the sedimentary and metamorphic 
groups of rocks It is piobable that had they been subjected to more 
intense hypogene action, they would have been transformed according 
to their chemical composition into hornblende slate, foliated chlorite 
slate, scalj talcose slate, mica-slate, or other phyllites, such as are 
usually associated with schist and gneiss 

Uniformity of mineral character In Hypogene Hocks - 
It IS true, as Humboldt has happily remarked, that when we pass to 
another hemisphci e, we see new forms of animals and plants, and 
even new constellations in the heavens, but in the rocks we still 
lecognise our old acquaintances -the same gianite, the same gneiss, 
the same micaceous schist, quart? lock, and the lest There is 
certainly a great and striking general icsemblance in the principal 
kinds of h;ypogenc rocks, and of the regionally metamorphosed rocks 
in all countries, however different their ages But when we re 
member how great has been the amount of icciystallisation of the 
matciials, this umfoimity of chaiactei may cease to surprise us 
The more exact stud) of the oldest crystalline rocks of North America, 
bouth America, the Indian j^eninsula, Japan, Ac , has aheady given 
grounds for believing that this uniformity is not so great as was at 
one time supposed, but that theie are ‘ petrographical provinces’ 
among the raetamoiphic, as well as among the igneous, locks 
Age of Mountaln-cbalns — It was maintained by the French 
geologist, Elit de Beaumont, and his disciples that the mountain 
chains of the globe appeared at particular periods of revolution in 
the earth’s history, and that all the chains belonging to one period 
were parallel to one another Somewhat similar views m a modified 
form have been advocated by MM Bertrand, Frinz, and other 
geologists 

From a study of the position of rocks of known age in the 
different mountain chains, definite conclusions have been arrived at 
as to the geologiCiil period to which they must be referred The 
Alps, the Jura, the Himalayas, and the Pyrenees all received their 
final elevation during the Tertiary era, from the Oligocene period 
onward , and during the same time the coast ranges of California 
and the Rocky Mountains were elevated , while the Sierra Nevada 
received its final uplift, according to Le Conte, in late Pliocene 
tunes In South America, the Andes were elevated many thousands 
of feet during the Cainozoio era, while in the West India Islands we 
have clear evidence of the conversion of deep sea deposits into high 
grounds since Miocene times The close of the Mesozoic period was 
marked by the formation of the Laramide System, the Wasatch, and 
the Henry Mountains m North America, while earlier m the period 
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the Sierra Nevada and other chains were formed At the close 
of the Palap070ic era, were formed the Appalachian chain in the 
east of the Noith American continent, and the Eureka Moun 
tains of the great basin in the west The mountains of Central 
Europe (Hercynian System) and the Urals are referred to the same 
period During the Silurian epoch the great movements of the 
Scottish Highlands and of Scandinavia, and the formation of the 
Taconic Range in North America seem to have taken place To 
various poitions of the Archaan or pre Cambrian must be referred 
many of the great denuded crystalline ridges of the globe, such as 
our own Fundamental gneiss, and the Laurentian masses of the North 
Araeiican continent 

Relative Agee of Mineral Veins —From the facts already 
adduced (see p 670 it ) we must admit that it is very probable that 
mineral veins are referable to many distinct periods of the earth’s 
history, although it may be more difhcult to determine the precise 
age of veins , because they have often remained open for ages, and 
because, as we have seen, the same fissure, after having been once 
tiled, has fieipiently been leopened or enhrged Sterry Hunt 
remarked that the process of hlling veins has been going on from the 
earliest ages We know of some which were formed before the 
Cambrian rocks wcie deposited, while others are still foiraing It 
does not appeal, bowevoi, that certain metals have been produced 
exclusively in eailiei, others m more modem times- that tin, for 
example, is everjwheie of higher antiquity than copper, coppei than 
lead or silvci, and all of them more ancient than gold 

In the first place, it is not tiue that veins m which tin abounds 
are the oldest lodes vvoiked in Great Britain The Geologieal 
Survey of Iieland has demonstrated that in Wexford, veins of copper 
and lead (the lattei, as usual, being aigentifcrous) are much older 
than the tin of Cornwall In each of the two countries a very 
similar series of geological changes has occurred at two distinct 
epochs— in Wexford, before the Devonian stiata were deposited , m 
Cornwall, ifter the Caibomferous epoch To begin with the Irish 
mining distiict we have granite in Wexford, traversed by granite 
veins, which veins also intrude themselves into the Silunan strata, 
the same Siluuan rocks as well as the veins having been denuded 
before the Devonian beds vveie supeiimposed Next we hnd, in the 
same county, that elvans, or straight dykes of poiphyritio felsite, 
have cut through the granite and the veins before mentioned, but 
have not penetrated the Devonian rocks Subsequently to these 
elvans, veins of coppei and lead weie produced, being of a date cer 
tainly posterior to the Silurian, and anterior to the Devonian , for 
they do not enter the latter, and, what is still more decisive, streaks 
or layers of derivative copper have been found near Wexford in the 
Devonian, not far from points where mines of copper are worked m 
the Silurian strata 

Although the precise age of such copper lodes cannot be defined, 
we may safely aflirm that they were either tilled at the close of the 
Silunan or commencement of the Devonian period Besides copper, 
lead, and silver, there is some gold in these ancient or primary 
metalliferous veins A few fragments of tin found in Wicklow in 
the drift are also supposed to have been denved from veins of the 
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Next, if we turn to Cornwall, we find there also the monuments 
of a very analogous sequence of events First the granite was 
formed , then, about the same period, veins of fine grained granite, 
often tortuous, penetrating both the outer crust of granite and the 
adjommg Palaeozoic fossiliferous rocks, including the Coal measures , 
thirdly, elvans holding their course straight through granite, granitic 
veins, and fossiliferous slates , fourthly, veins of tin also containing 
copper, the first of those eight systems of fissures of different ages 
already alluded to, p 571 Here, then, the tin lodes aie newer than 
the elvans It has indeed been stated by some Cornish miners that 
the elvans are in some instances postenor to the oldest tin bearing 
lodes , but the observations of De la Beche during the survey led 
him to an opposite conclusion, and he has shown how the cases 
referred to in corroboration can be otherwise interpreted We may, 
therefore, assert that the most ancient Cornish lodes are younger 
than the Coal measures of that part of England , and it follows that 
they are of a much later date than the Irish copper and lead of 
Wexford and some adjoining counties How much later, it is not 
BO easy to declare, although probably they are not newer than the 
beginning of the Permian period, as no tin lodes have been dis 
covered in any red sandstone which overlies the coal in the south 
west of England 

There are lead veins in Glamorganshire which enter the Lias, 
and others near Frome, in Somersetshire, which ha\e been traced 
into the Inferior Oolite In Bohemia, the iich veins of silver of 
Joachimsthal cut through basalt containing olivine, which overlies 
Tertiary lignite, in which are leaves of dicotyledonous trees This silver 
ore, therefore, must have been formed in Tertiary times In regard to 
the age of the gold of the Ural Mountains in Russia, which, like that 
of California, is obtained chiefly from auriferous alluvium, it occurs m 
veins of quartz in the schistose and granitic rocks of that chain, 
and 18 supposed by Murchison, De Verneuil, and Keyserling to 
be newer than the hornblendic granite of the Ural -perhaps of Ter 
tiary date They observe, that no gold has yet been found in the 
Permian conglomerates which he at the base of the Ural Mountains, 
although large quantities of iron and copper detritus are mixed with 
the pebbles of those Permian strata Hence it seems that the 
Uralian quartz veins, containing gold and platinum, were not formed, 
or certainly not exposed to aqueous denudation, during the Permian era 
In the auriferous alluvium of Russia, California, and Australia, 
the bones of extinct land quadrupeds have been met with, those of 
the mammoth being common in the gravel at the foot of the Ural 
Mountains , while in Austraha they consist of huge marsupials 
(p 241) The gold of Northern Chih is associated in the mines of 
Los Hornos with copper pyrites, m veins traversing the Cretaceo- 
Jurassio formations, so called because its fossils are said to have the 
character partly of the Cretaceous and partly of the Jurassic fauna of 
Europe The gold found in the United States, m the mountainous 
parts of Virginia, North and South Carolina, and Georgia, occurs in 
metamorphic Silurian strata, as well as in auriferous gravel derived 
from the same In Queensland, according to the researches of Mr 
Paintree, the auriferous lodes are entirely confined to those districts 
which are traversed by a senes of pyntous diorites 

But Damtree duoovered water worn gold in a gravel containing 
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QhmptmSt a fern of late Carboniferous age, in Queensland, and 
Wilkinson found evidence that some gold occurred m quartz of pre- 
Carboniferous age in Victoria It may be said that the gold of 
Australia is found in dionte dykes, cutting Upper Silurian and Devo* 
man rocks Auriferous pyrites impregnates the dykes, especially near 
their points of contact with the other rocks, and quartz veins with gold 
intrude into the dionte When the surface of the dyke has been exposed 
to terrestrial or subaenal denudation, the gold has been preserved in 
the gravels and clays , but when marine denudation has occurred, 
there is no gold to be found, or only in very small quantities 
Basalts have overflowed the areas of denudation during the latar 
Tertiary times, and have preserved the gravels Although gold- 
bearing quartz veins are found in New Zealand, of Camozoic age, 
yet in Australia no gold bearing dykes exist of Secondary or of 
Tertiary age Their age is PalsBozoic ^ 

Gold has now been detected in almost every kind of rock, in 
slate, quartzite, sandstone, limestone, granite, and serpentine, boUi 
in veins and in the rocks themselves at short distances from the 
veins In Australia it has been worked successfully not only m 
alluvium, but in veinstones in the native rock, generally consisting 
of Silurian shales and slates In South Africa enormous deposits 
of gold have been found, not only in quaitz reefs, but in great beds 
of quartzose conglomerate (locally termed ‘ banket *), which are now 
very extensively mined South Africa has now become one of the 
greatest gold producing countnes in the world 

Origin of gold In California and Sontli Amerloat~In 1864 
Professor Whitney showed that the detrital gold deposits worked in 
California were of fluviatile origin and of two distinct ages The 
more ancient or Pliocene gravel deposit had been protected by a 
cover of hard lava poured out over it from the volcanoes of the higher 
part of the Sierra , whilst the later, or Pleistocene auriferous 
gravels, formed since the period of greatest volcanic activity above 
alluded to, contained remains of the mastodon and elephant, and 
belong to the epoch of man He also announced that some of the 
gold veins themselves were probably of Cretaceous age, as had been 
shown to be the case m South America by David Forbes The 
last mentioned mineralogist had already in 1861 advanced the 
opinion that the gold veins m South America and many other 
countries were of two distinct ages, and connected with the outbursts 
of granitic and also of dioritic rocks, the former or older being not 
later than the Carboniferous, and the latter as recent as the Creta 
ceous period 

John Arthur Phillips stated his belief m 1868 that the formation 
of recent metalliferous veins is now going on in various parts of the 
Pacific Coast Thus, for example, there are fissures at the foot of 
the eastern declivity of the Sierra Nevada, in the State of that name, 
from which boiling water and steam escape, forming siliceous in- 
crustations on the sides of the fissures In one case, where the 
fissure IS partially filled up with silica enclosing iron and copper 
pyrites, gold and cinnabar were found in the veinstone 

It has been remarked by De Beaumont that lead and some other 
metals are found m dykes of basalt as well as in mineral veins 
connected with volcanic rocks, whereas tin is met with in gramte and 
in veins associated with plutomo rocks David Forbes alra found In 
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South Amenoa and elsewhere, that not only are metallic lodes 
intimately associated with the appearance of eruptive rocks in their 
vicinity, but also that their metallic contents are strongly influenced 
by the nature of the rock so intruded 

Although heated waters may have had much to do with the pro 
duction of metalliferous veins, still it must be remembered that water 
of ordinary temperature, assisted by the presence of organic matter, 
will decompose and rendei soluble many minerals which may be 
le precipitated by subsequent oxidation 

If different sets of fissures, originating simultaneously at varying 
levels m the earth’s crust, and communicating some of them with 
volcanic, others with heated plutonic masses, be filled with different 
metallic ores, it will follow that those formed furthest from the surface 
will usually require the longest time before they can be exposed 
tU our study In order to bring them into positions within reach of 
the miner, upheaval and denudation must take place, and this will be 
greater in proportion as the fissures have lain deeper when first formed 
and filled A considerable series of geological changes must intervene 
before any part of the fissures, which have been for ages in the 
proximity of the plutonic rocks so as to receive the gases discharged 
from them while cooling, can emeigc into the atmosphere But 
it IS not necessary to enlarge on this subject, as the reader will re 
member what was said in the chapters on the chronology of the 
volcanic and hypogene formations 

In order that the reader may form an idea of the chemical com 
position of the metamorphic rocks described in the last four chapters, 
the following table of analyses is given 
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PART VI 
CONCLUSION 

CHAPTEK XLIII 

GROUNDS FOR ACCFPTING UNIFORMITARIANIbAI AS THF 
BASIS OF GfcOLOGICAL REASONING 

VastnesR of Geologual Time — Proved by Phjsical and Pal®ontological evi 
donee — Attempt to determine Time Ratios for the seveial geological 
periods Attempts to me isun geological pei lods m years— The doctrines 
of Catastrophism, Evolution, and Uniformitarianism — Evidences m 
favour of Uniformitarianism during the periods covered by the geo 
logical history —The Science of (reology limited to the study of the 
crust of the Globe —Bearing of speculations concerning the earth’s 
interior on the Science of (nology — The Geologic il Record may only 
cover a small poition of the history of the Globe during past times 

Duration of Oeologloal Time. Physical STldence —In 

btudying tho sedimentary and the volcanic rocks alike, we fand 
abundant evidence that the periods of time required for their 
accumulation must have been exceedingly vast Whether we 
consider the maximum or the average thicknesses of the strata 
deposited during the successive geological epochs, we are led to 
the conclusion that the masses of sediments, lavas and tuffs — 
often having an aggregate thickness of many miles— must have 
required for their formation periods of time that can only be 
measured m hundreds of thousands or even millions of years 
It has often been asserted, indeed, that to shorten the period 
required for the sequence of geological events, it is only 
necessary to suppose an mcrease m the energy of the agents of 
terrestri^ change But all the facts of the geological history, 
as we have endeavoured to illustrate m the foregoing pages, are 
entirely opposed to this idea of the ‘ hurrying up ’ of geological 
events and the consequent shortening of the geological record 
Everywhere we find evidence that the strata formmg the 
earth’s crust were formed, not by violent debacles, but by slow 
and contmuous operations, the vast effects of which could only 

I 
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have been reahsed after periods of almost moaloulable duration 
The chalk strata consist of from one to two thousand feet of 
rook, built up entirely of mmute and even microscopic organ 
isms , and we know ^m the researches carried on during the 
Challenger expedition that the accumulation of such deep sea 
oozes goes on with excessive slowness Similar deposits of 
organic origin, as well as beds contaimng fossils, which exhibit 
many indications of long and qmet growth or of their having 
been eroded or encrusted by other organisms before being buried 
in sediment, abound among the representatives of all the geo 
logical systems, and testify to their slow formation The old 
sands and muds, by their fine lamination, by the presence of 
surfaces covered with ripple markings, sun cracks, ram and 
hail-prmts, and the tracks and burrows of worms and other 
marine organisms, afford striking evidence of the deposition 
of their materials having taken place under conditions very 
similar to those of the present da;y There are, of course, 
among the stratified rocks of the past, many masses of conglome 
rate and of materials mdicatmg the action of rapid torrents, but 
there is not the smallest ground for inferring that such coarse 
materials are more abundant among the older formations of the 
earth’s crust than among those which are being laid down at 
the present day , or that floods and tides acted upon a grander 
scale, or were more violent and oft repeated m their operation, 
than m the existing oceans 

It must be remembered, too, that a large proportion of the ma 
terials thrown down m one place are redistributed and deposited 
in another , and this deposition and redeposition of material has 
m many cases gone on agam and again, before the detritus has 
finally come to rest as part of a geological formation In many 
cases— and this is especially true of the littoral and estuarine 
accumulations of great thickness— the piling up of the strata 
has been entirely dependent on the synchronous subsidence of 
the sea bed, and this operation is one which, in the great 
majority of cases, we have reason to believe has taken place 
with extreme slowness 

Valaeontolorloal evidence of tbe duration of Oeologloal 
Time — There are two considerations that tend to reinforce our 
conclusions as to the slowness with which geological operations 
have taken place m the past Durmg the accumulation of many 
of the formations, it can be shown that great and remarkable 
changes in the distribution of sea and land have taken place 
Thus the thin and comparatively insignificant formation known 
as * the Upper Greensand ’—as was pomted out by the late 
Mr. Godwin Austen-^was accumulate on a shore that was 
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slowly subsiding, the fonnation gradually encroaching over 
very considerable areas In the case of more important 
formations, it may be proved that the sea has been shut out from 
certam areas, or has found access to new ones, and that the whole 
physical geography of the district has been changed, perhaps 
more than once, during the deposition of the system of strata , 
while we have no grounds for believing that such changes in 
physical geography— accompanied by modifications m the dis- 
tribution of faunas and floras— took place with greater rapidity 
in past times than they do at the present day 

During the deposition of each of the great geological 
systems, the forms of life underwent slow but often constant 
and repeated modifications— old forms disappearing and new 
ones taking their place— and all the studies of botamsts and 
zoologists point to the conclusion that such changes m organic 
life occur with extreme slowness It has been argued, m 
deed, that if the conditions under which organic forms lived in 
the past varied more rapidly than at the present day, then 
casual variation and permanent modification may have been 
accomplished in shorter periods of time than at the present day, 
but, as we have seen, the geological record furnishes no evidence 
whatever of changes m physical conditions having taken place 
in the past more rapidly than m recent times 

If we turn our attention from sedimentary deposits to those 
of volcanic origin, it is impossible to assert that any accumula 
tions of Igneous materials associated with the older formations 
indicate more violent, more rapid, or more prolonged volcanic 
outbursts, 01 more abundant ejections of lavas and tuff's, than 
those of which we have evidence in Iceland, the Sandwich 
Islands, Etna, or the East Indian Archipelago at the present day 
All these considerations must be viewed in conjunction with 
the facts dwelt upon in Chapters XI and XXIX , leading as 
they do to the conclusion that our geological record is only a 
senes of fragments , the intervals separating successive periods 
being often of greater duration than the periods themselves— 
and we cannot fail to regard as inevitable the conclusion that 
the geological history, as sketched in the foregoing pages, must 
cover enormous periods of time 

Relative duration of tlie several Oeolofioal periods — 
We have already seen that the late Professor Dana endeavoured 
to arrive at a conclusion concerning the ratios to one another of 
the periods required for the accumulation of the several systems 
of strata His estimates are based on the maximum thick 
nesses of the strata belongmg to different epochs m the 
North American oontment, and m consideration of the extreme 
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slowness with which most organic deposits are laid down, 
the period allowed for the formation of a given thickness of 
limestone is five times as great as that for corresponding 
arenaceous or argillaceous beds Dana’s results have been 
employed in constructing the diagram on page 445, they are 
admittedly only a very rude approximation to the truth, but 
all geologists and palaeontologists will probably agree that the 
penods represented by our several geological systems were not 
of anything like equal duration, and that the older systems 
represent vastly longer penods of time than the younger ones 
Not only are the maximum and the average thicknesses of 
strata deposited during the Palfeo^oic periods far greater than 
those of the sediments formed m Mesozoic or Caino/oic periods, 
but the great changes which took place among creatures of 
lowly organisation also appear to indicate the lapse of enormous 
periods of time— the physical and the paleontological evidence 
being thus in complete accord 

Absolute duration of Oeolofical periods —The question 
of a possible determination of the length of geological periods 
m years has pioved a fascinating problem to many inquirers 
The most promising investigation having for its object the 
determination of a ‘ base line ’ by vv Inch geological time may 
be measured m veirs is that dt rived from the study of the 
rate of lecession of the falls of Ni igara since glacial times 

In 1829, R Bakewell arrived at the conclusion tint the fills 
were receding at the rate of 3 feet per annum, and that about 
10,000 vears must have elapsed since the end of the glacial 
period (Lyc 11, visiting the falls m 1841, and carefullv rccon 
sidermg all the data, concluded that the time since the glacial 
epoch was probably 31,000 years) C K Gilbeit, W Upham 
and other geologists of the U S Geological Siirve}, while 
pointing out many sources of error m all such calculations, 
incline to the adoption of periodb ranging from b,000 to 10,000 
years , while J W Spencer arrives at a result almost identical 
with that of Lyell, namely, 32,000 years It must, we think, be 
admitted that the sources of error m these calculations are so 
numerous, as to deprive the results of any value as an absolute 
measure of geological time , and this is equally true of calcula- 
tions based on the growth of peat, stalagmite and other 
accumulations, or on the time requured for denudation and 
sedimentation during past geological penods Indeed the 
results actually arrived at by Afferent observers, for the period 
of time which has elapsed since the commencement of the 
Cambnan to the present day, have varied from 70,000,000 
years (Walcott) to 6,000,000,000 years (McGee). 
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Attempt! to ooirelAte Oeolof ioal Verlode wltb Aitro- 
nomloal Cyolee.— We have seen in the preceding pages that 
many striking changes m climate have taken place, during past 
geological times, m different parts of the globe Now it is 
evident that, if it were possible to refer any of these changes of 
climate to astronomical causes, we might be able to identify the 
particular planetary positions which corresponded to a certain 
set of climatal conditions This being done, the astronomer, 
by calculating the date at which the required planetary arrange 
ments existed, would not only fix the period at which the 
particular geological event took place, but would supply us 
with a base line for the measurement of past geological times 
The first attempt to apply astronomical calculations to the 
measurement of geological time was that made by the late Dr 
James Croll He fixed upon that remarkable episode in geo 
logical history known as the ‘Glacial Period’ as the most 
promising for his purpose, and he endeavoured to show that it 
may have resulted from the conjunction of certain well known 
changes which take place penodically in the form of the earth’s 
orbit, and in the inclination of the earth’s axis But the correct 
ness of the reasoning of Dr Croll concerning the effects of these 
changes has been questioned by many mathematicians and 
physicists , while Sir Bobert Ball has suggested an alternative 
tlieory, which has, in turn, been adversely criticised by Mr 
Culv erwell and Professor George Darwin There is, moreover, 
a very serious— indeed, it may be said a fatal— objection to all 
astronomical theories of climate If true, we should have to 
admit the repeated occurrence of glacial epochs at regular 
intervals, and, although traces of glacial conditions have been 
found at a number of different periods of the earth’s history, all 
physical and palaeontological evidence is directly opposed to 
any such regularly alternating recurrence of periods of heat 
and cold during the epochs covered by the geological record 
Attempt! to determine, from Vbyeloal data, tbe Period 
during wblob Ufe bae exleted upon tbe Bartb.— From ex- 
periments made on the conductive power and other thermal 
constants of materials constituting the crust of the globe, Lord 
Kelvin, Professor Tait, and other authors have endeavoured to 
calculate the time which must have elapsed smce the earth had 
so far cooled down as to permit of the existence of living bemgs 
upon its surface Both the data and reasonings which have 
been relied upon m these calculations have been taken serious 
exception to by other mathematicians, such as Professors 0 
Darwm, 0 Lodge, and J Perry All these calculations as to 
the rate of coolmg of the globe proceed on the assumption that 
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the earth’s mtenor is composed of materials which are com* 
parable with, and indeed not greatly dissimilar to, those of 
the earth’s crust But, while we have no certam knowledge 
whatever of the composition of the central portions of our globe, 
all observation and reasonmg point to the conclusion that not 
only are the materials m the mtenor of the earth under totally 
different physical conditions from those forming its crust, but 
chemically they may be very dissimilar The deep seated 
masses have certainly an average density at least twice as great 
as that of the rocks of the earth’s crust , and the analogy of 
meteorites suggests that the highly oxidised condition of the 
materials of the crust is exceptional, and is not likely to extend 
to profound depths The comparison of meteorites with some 
materials that have been brought up in \ olcanic eruptions from 
great depths, leads to the conclusion that iron, nickel, and other 
elements exist in an unoxidised condition in the earth's interior 
It must be remembered, too, that reasonings concerning what 
IS gomg on at great depths below the earth’s crust, at high 
temperatures and enormous pressures, can only be based on 
experimental data, when the latter have been subjected to such 
extra\ agant extrapolation as to be deprived of all real value 
Setting aside, then, cosmological speculations, we will pro- 
ceed to point out the principal views that have been maintained 
by different geologists, as the result of their study of the general 
facts of the earth’s past history 

The doctrine of Oataitropblim — The older geological 
writers were in the habit of assuming that the present condition 
of the globe is the result of a series of short and violent actions 
Mountain chains, they thought, weie suddenly thrust up from 
beneath the waters of the ocean, and b^ the violent floods thus 
produced thousands of feet of conglomerate, sandstone, and clay 
were accumulated m very short periods of time Such theories 
take no account of the numerous facts pointing to slow and tran- 
quil deposition among the rocks of the earth’s crust, nor of the 
presence of the vast accumulations of calcareous and siliceous 
rocks made up entirely of the skeletons of minute and, indeed, 
often microscopic organisms— deposits that could only have been 
formed with extreme slowness In the same way the great 
gaps m the series of stratified deposits were accounted for by 
the older geologists, as being due to terrible convulsions of 
nature which were supposed to have destroyed all livmg bemgs 
on the face of the globe, these being replaced by new creations 
of organisms Such theories as these do not even attempt to 
account for the remarkable facts which we have pomted out of 
the relations of the fauna and flora of one geological period to 
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the fatina and flora of the period which preceded it ; and further 
geological researches have shown that the supposed universal 
breaks in the system of geological formations have no real exist 
ence , for, as fresh areas are studied, new deposits are continually 
being discovered which serve to bridge over these gaps, and to 
make the record more and more contmuous 

Tbe doctrine of Evolution — It has sometimes been 
asserted that in the earth’s solid crust we find distinct evidence 
that the intensity of the agencies operating to produce change 
has undergone slow and progressive modifications, and that 
phases of development like those so familiar to the student of 
the organic world can be traced by the geologist in the physical 
history of the globe But when the data upon which this con- 
clusion IS based come to be definitely formulated, it must be 
admitted that they are at the best slight and imperfect and quite 
insufficient for the establishment of generalisations of such a 
sweeping nature There is no sufficient ground for the state 
raent that the volcanic forces or the agents of denudation have 
operated either more or less powerfully at any former period of 
the earth’s history than at the present day While some geolo 
gists of repute have argued in favour of a gradual decline of vol 
came activity during past geological times, others, like Professor 
Prestwich and Mr Alfred Russel Wallace, have thought that 
the tendency has been towards an increase in the violence of 
igneous activities as tune went on There has been equal 
discrepancy of opinion with respect to the comparative potency 
of the agents of subaerial waste in past times and during the 
periods of human observation, and it must be admitted that 
there are no groups of facts which warrant the conclusion that 
great and progressive modifications either in one direction or 
the other have been taking place during geological times 

The dootrine of Unlformitarlanlem — Geologists have 
now generally come to the conclusion that all the phenomena 
presented by the earth’s solid crust can be accounted for by the 
slow and constant operation of forces identical m kind and not 
dissimilar in intensity to those which we can study still at work 
around us That altogether new agencies have come into opera 
tion dunng the periods covered by the geological record, is a 
proposition which could only be mamtamed by those who assert 
that existing causes are totally madequate for the production of 
the results witnessed No one, probably, m the face of the mass 
of evidence which has been adduced, would now be prepared to 
defend such a conclusion But it is still maintained by some 
that the energy of some of the agents at work on the globe haa 
so far increased or dechned as to lead to the produotion of 
* qqa 
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results which are not in any way commensurate with those 
following from the operation of the same agents at the present 
day Some have argued that a gradual declme in the tempera 
ture of the earth’s mterior, due to secular cooling, or alterations 
m the heat emitted by the sim, or other cosmical changes, 
has produced very marked and recognisable variations in the 
nature and rate of the changes which have taken place in past 
geological times, as compared with those occurring at the present 
day 

The experience of mankind with respect to the operations of 
nature is hmited to a few thousands of years, and anythmg like 
exact observations on those operations can scarcely be said to 
date back more than one hundred years It would be the 
height of rashness to assert that in these short periods we have 
studied, or even witnessed, either the most violent or the most 
prolonged exliibition of the action of any of the terrestrial 
forces We are, however, justified— m the absence of direct 
evidence to the contrary— m assuming that the forces acting in 
the past were ‘ of the same order of magnitude ’ as those now 
at work around us, and that effects, so similar to those being 
produced now, were due to causes similar m intensity as well as 
in nature to those which we witness in operation around us 

The late Professor Huxley in 1864, in an address to the 
Geological Society, endeavoured to formulate a theory of ‘ evo 
lutionism ’ m opposition to that of ’ umformitariamsm ’ But 
in 1875, after careful reconsideration of the question, he 
wrote — 

‘Applied within the limits of the time registered by the 
known fraction of the crust of the earth, I believe that Uni* 
formitariamsm is unassailable The evidence that, in the 
enormous lapse of time between the deposition of the lowest 
Laurentian strata and the present day, the forces which have 
modified the crust of the earth were different in kind or greater 
in the intensity of their action, than those which are now 
occupied in the same work, has yet to be produced Such 
evidence as we possess all tends m the contrary direction, 
and is in favour of the same slow and gradual changes occurring 
then as now * 

The limits of Oeolofioai inquiry —Professor Huxley, 
however, was careful to qualify the passage which we have just 
quoted by the following remarks — 

‘ So fkr as the evidence afforded by the superficial crust of 
the earth goes, the modem geologist can, ex <mimo, repeat the 
saymg of Hutton, “We find no vestige of a beginmng, no 
prospect of an end." However, he will add with Hutton, “ But 
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in thus tracing back the natural operations which have succeeded 
each other, and mark to us the course of time past, we come to 
a period m which we cannot see any further ” ’ 

We have pointed out at the commencement of this work 
that the conclusions of the geologist are entirely based on the 
study of the crust of the globe, or that thin superficial portion 
which IS accessible to his observations How small is that 
crust, as compared with the whole mass of the globe, will be 
shown by a reference to the following diagram 

Concerning the nature of the earth’s interior, all that we know 
with certainty is that it has a specific gravity twice as great as 
that of the materials forming the cinst , but whether this high 
density is to be ascribed to a different chemical composition, or 
to the molecules of the mass being squeezed together by the 
enormous pressure to which it is subjected, we can only 
speculate Of the properties and the beha\iour of matter, 
whether of known or unknown composition, under conditions 
which we can never hope to imitate, it behoves us to speak with 
some diffidence and reserve 

The astronomer may fand good reasons for ascribing the 
earth’s form to the original fluidity of the mass m times long 
antecedent to the first introduction of living beings into the 
planet , but the geologist must be content to regard the earliest 
monmnents which it is his task to interpret as belonging to a 
period w hen the outer shell of the earth had already acquired 
great solidity and thickness, probably as great as it now 
possesses, and when volcanic rocks not essentially differing from 
those now produced were formed from time to time, the 
mtensity of volcanic heat being neither greater nor less than it 
18 now This heat has, no doubt, given rise at successive 
periods to many of the leadmg changes m the form and 
structure of the earth’s crust, but their magnitude is by no 
means such as to warrant our mvokmg the igneous fusion of 
the whole planet to account for them If the reader will refer 
to the diagram (fig 736), he may convmce himself that a 
machinery more utterly disproportionate to the effects which it 
IS required to explain was never appealed to The outer 
circular line of the diagram represents a portion of the earth's 
diameter equal to 25 miles, so that if the loftiest mountain* 
ohams, even such as the Himalaya, 5 miles m their greatest 
height, could be marked by white marks within this hne, they 
would form a feature m it which would be scarcely appreciable 
The space between the two circles, mcluding the thickness 
of the hues themselves, has a breadth or diameter of 200 miles 
Let us then suppose very thin hnes 2 inches long, and equal m 
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Width to only of the outer line, to be drawn here and there 
within this shell of 200 miles m thickness These lines, faint and 
unimportant as they would appear, might nevertheless represent 
sections of seas and oceans of melted lava 5 miles deep and 6,000 
miles across It cannot be denied that the expansion, melting, 
solidification, and shrinking of such subterranean seas of lava at 
various depths, might suffice to cause great movements and 
earthquakes at the surface, and even lead to the production of 


Fig 736 



Section of the earth, in wJiich tht breadth of the outer boundary line represents 
a thickness of 26 inilts the space between the circles, including the breadth 
of the lines, 2U0 miles 


rents in the earth’s crust several thousand miles long, such as 
may be implied by the lineally arranged cones of the Andes or 
mountain chains like the Alps 

Considerations such as these may well lead us to pause 
before attempting to frame a system of cosmogony, based on the 
slender data which we possess concernmg the nature of the 
earth’s interior, and if we choose to indulge m speculations 
upon the subject at all, it must always be borne in mmd that 
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the conclusions of geology, derived from a study of the earth’s 
crust, rest on other and far more trustworthy evidence. 

For the geologist to abandon the basis of solid facts derived 
from the study of the earth’s crust and to indulge m vague 
speculations concerning the altogether unknown mterior of the 
earth, would be as unwise as for the historian to neglect all 
written and other records of the past, m order to base his science 
on a series of guesses concernmg the origm and destmy of the 
human race 

Supposed limitation of the Period covered by tbe 
Geological History —Astronomers and physicists have some 
times been led to speculate on the possible limitation of the 
geological periods — (1) from known facts concernmg the rate of 
secular cooling in the globe, (2) from the effects of tidal 
retardation in changing the fagure of the earth , (3) from the 
gradual diminution of the sun’s heat by dissipation of energy , 
and limits of time varying between 10,000,000 and 400,000,000 
years have been suggested for the duration of the earth as a 
home for living beings It may very well be that some of the 
periods named by physicists are quite adequate for the require 
ments of the geologist , but, m any case, while so much difference 
of opinion exists between different physicists concerning the data 
on which these calculations are baaed — and m our absolute 
Ignorance of the real nature of the earth’s mterior, and of the 
source of the sun s energy, it is hard to see how these differences 
can ever be removed— it is unwise to attach importance to any 
conclusions of the kind 

Geological bUtory and tbe supposed Primaeval state of 
tbe Globe — We have seen that a strong desure has been 
manifested to discover m the ancient rocks tlie signs of an 
epoch when the planet was uninhabited, and when its surface 
was m a chaotic condition and uninhabitable The opposite 
opinion, indeed, that the oldest of the rocks now visible may 
be the last monuments of an antecedent era m which living 
beings may already have peopled the land and water, has been 
declared to be equivalent to the assumption that there never 
was a beginning to the present order of things 

With equal justice might an astronomer be accused of 
asserting that the works of creation extended through infinite 
space, because he refiises to take for granted that the remotest 
stars now seen in the heavens are on the utmost verge of the 
matenal universe Every improvement of the telescope has 
brought thousands of new worlds mto view , and it would 
therefore be rash andunphilosophioaltoimagme that we already 
survey tbe whole extent of the vast scheme, or that it will ever 
be brought withm the sphere of human observation. 
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But no argument can be drawn from such premises in favour 
of the mfimty of the space that has been filled with worlds ; 
and if the matenal universe has any limits, it then follows that 
it must occupy a mmute and infinitesimal point m infinite 
space 

So if, m tracing back the earth’s history, we arrive at the 
monuments of events which may have happened millions of 
ages before our times, and if we still find no decided evidence 
of a commencement, yet the arguments from analogy in support 
of a beginning remain imshaken , and if the past duration of 
the earth be finite, then the aggregate of geological epochs, 
however numerous, must constitute a mere moment of the 
past, a mere mfimtesimal portion of eternity 

It has been argued that as the difierent states of the earth’s 
surface, and the different species of animals and plants by 
which it 18 inhabited, ha\ e all had their origin, and many of 
them their termination, so the entire senes may have com 
menced at a certain period We are far from denying the 
weight of this reasoning from analogy , but although it may 
strengthen our conviction that the present system of change has 
not gone on from eternity, it cannot warrant us in presuming 
that we shall be permitted to behold the signs of the earth’s 
origin, or the evidences of the first mtroduction mto it ol 
organic bemgs We aspire in vain to assign limits to the works 
of creation m space, whether we examine the starry heavens, or 
that world of mmute objects which is revealed to us by the 
microscope We are prepared, therefore, to find that m time 
also the confines of the universe he beyond the reach of mortal 
ken 

As geologists, we learn that it is not only the present con 
dition of the globe which is suited to the accommodation of 
mynads of living creatures, but that many former states also 
were adapted to the orgamsation and habits of prior races of 
beings The disposition of the seas, continents and islands, and 
the climates have varied , the species of ammals and plants 
have been changed , and yet they have all been so modelled, on 
types analogous to those of existmg plants and animals, as to 
in^cate throughout a perfect harmony of design and unity of 
purpose To assume that the evidence of the beginning and end 
of so vast a scheme lies within the reach of our philosophical 
enquiries, or even of our speculations, appears to be inconsistent 
with a just estimate of the relations which subsist between the 
finite powers of man and the attributes of an Infinite and 
Eternal Bemg. 
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APPENDIX A 

THE COMMON ROCK FORMING MINERALS 


Mineiuloqists variously estimate the number of distinct mineral 
species at from 500 to 800 Of these only 30 or 40 occur at all 
commonly as rock constituents, while less than a dozen of them 
make up the great mass of the Earth’s crust 

Rock forming minerals may be original (authigenic), that is 
produced at the time of the first formation of the rock, or secondary 
(epigenetic), that is, they may result from processes of change that 
have affected the original minerals of the rock The minerals which 
make up the great mass of a rock are called essential minerals , 
additional minerals which may be present in the rock— usually in 
smaller quantities— are spoken of as accessory minerals 

On fractured surfaces of rocks, and still better in thm transparent 
sections, it will be seen that some minerals have their crystals fully 
developed so as to exhibit the outward forms proper to them , such 
minerals are said to be idiornorphic or automorphic When their 
outer form is not exhibited, owing to their development having been 
interrupted by the contiguity of other crystals, they are said to be 
allotnomorphic or xenonwrphic 

For full descriptions of the rock forming minerals the student is 
referred to the treatises on mineralogy by Rutley, Bauerman, and 
other authors, to Prof E S Dana’s ‘ Minerals and how to study 
them,’ and for fuller details to Dana’s ‘ System of Mineralogy ’ The 
optical characters of the rock forming mmerals as seen in thin 
sections are described in Idding’s translation of Eosenbusch’s 
' Microscopical Physiography of the Rock forming Minerals * 

The rock forming minerals fall into a few well marked groups, 
and their distinctive characters are indicated in the following lists, 
the following abbreviations being employed— G, specibc gravity, H, 
hardness The Roman numerals indicate the six systems of crystal 
lisation (I Cubic, II Tetragonal, III Hexagonal, IV Rhombic, 
V Monoclinic, VI Triohnic) Cl Cleavage, Pleoo Pleochroism, 
Refr Refractive Index, Pol Polarisation, Comp Chemical Composi- 
tion 


A Minbbals consisting of Silica 

Quarts. Ill (rhombobedral and tetartohedral) without twmning, 
but showing parallel growths Cl none H = 7, G=2b5 Usually 
colourless and clear without traces of alteration Generally contains 
many cavities (gas, liquid, glass, and stone), with inclusions of other 
minerals Refr same as Canada Balsam Pol moderately bright 
tints Comp SiO^ 

' [Quartz is sometimes coloured purple (amethyst), yellow (oitnne - 
and cairngorm), green (chrysoprase), pink (rose quartz), black (sm^Ay 
quarts a™ monon) Varieties with inclusions are known as zalse 
oat's eye, tiger’s eye, avaniurine quarts, plasma, <ko j 
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Opal. Uncrystallised (amorphoas or colloid) H«55-6 5, 

2 2 Colourless (hyalite or Muller’s glass), coloured by various im 
purities (common opal), or showing both opalescence and play of 
colours (precious opal, fire opal, Ac ) Isotropic except when under 
strain Refr less than quartz Comp SiOj, usually contains some 
water, very variable in amount, which must be regarded as accidental 
Ctaaloedony is the name given to mixtures of colloid and 
crystalline silica Nearly opaque forms are known as Jasper, varieties 
more or less translucent as Agates Flint and chert are varieties of 
chalcedonic silica 

[Other crystalline varieties of silica are known as Tndymite 
(hexagonal and twinned), Christobalite (cubic), Ac Forms of 
chalcedonic silica have received the names of Quartzine, Lutecite, Ac J 


B Alumino alkaline Silicates 

THE lELSPAR OROCP 

The felspars crystallise in the monoclinic and tnclinic system, 
they are usually twinned, and have two well marked cleavages at 
angles near 90® H = 6, G = 2 54-2 75 liefr less than Canada 
Balsam Pol lower (neutral) tints than quartz They consist of 
silicate of alumina with silicate of potash, soda, and lime, and 
exhibit many varieties dependent on the proportions of these con 
stituents The felspars are isomorphous mixtures of these silicates, 
and are the most abundant of all the rock forming minerals The 
chief varieties are as follows The monoclinic forms, in which the 
cleavages are at right angles and which arc called orthoclastic felspars , 
the tnclinic forms, in which the cleavage angle diilers from a right 
angle and which are said to heplagioclastic felspars , the latter exhibit 
lamellar twinning in polarised light 

Ortlioclue (Potash felspar) The clear varieties are known as 
Sanidine Orthoclase is monoclinic and simply twinned Cleavages 
at right angles Common in acid igneous rocks 

Miorocline. Similar in composition and general characters to 
orthoclase, but with a slightly oblique cleavage, and a peculiar 
internal structure (cross hatched) which is seen in thin sections 
under polarised light 

JUblte (Soda felspar) Plagioclastic and showing lamellar twin 
nmg m polarised light Usually occurs as a secondary mineral in rocks 
OUroclaae (Soda-lime felspar) Plagioclastic with lamellar 
twinnmg Common in acid and intermediate rocks 

Andeslne (Soda lime felspar) Plagioclastic with lamellar 
twinning Common in intermediate rocks 

liabnuloiite (Lime soda felspar) Plagioclastic with lamellar 
twinnmg Common in basic rocks 
AaortlUta (Lime felspar) Plagioclastic with lamellar twinnmg 
Found principally m ultrabasic rocks. 

THE PELSPATfiOm OBOUF 

The felspathoids play much the same part m rocks as the felspars 
While the latter are found everywhere, however, the former have a 
very local diainbution. The felspathoidB are silioatei of alumina, 
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with sihcates of the alkalies and lime, but they sometimes contain 
compounds with chlorine, sulphur, &c They crystallise in the cubic, 
tetragonal, and hexagonal systems Like the felspars they are 
sometimes original and sometimes secondary minerals They are 
usually much less stable than the felspars 

Aenolte I Cl none G = 2 45-2 5b, H = 5 5-6 Eefr less than 
Canada Balsam Pol isotropic or with faint traces of lamellar 
twinning Found in basaltic rocks &c in Italy, Bohemia, &c Comp 
Silicate of alumina and potash 

ITosean and Bauyn. I G - 2 27-2 5,H-6 5-6 Often contain 
many inclusions Isotropic Found m phonolites and basaltic rocks 
Comp Silicate of alumina, soda, and lime with sulphur compounds 
Sodalite is a somewhat similar cubic mineral(silicate of alumina 
and soda with chlorine and sulphur compounds), found in trachytes, Ac 
SoapoUte II G = 2 6-2 8, H = 6-6 Comp Silicate of alumina, 
lime, and soda with chlorine compounds Found in altered gneisses, Ac 
MellUte IS a somewhat similar tetragonal mineral found in 
basaltic and ultrabasic rocks 

irepliellne (EleeoUte). I G = 2 56-2 61, H»5 5-6 Kefr low 
Pol low tints Inclusions common and symmetrically arranged 
Found m phonolites and some basaltic rocks 

C The Ferro Maonesian Silicates 

These contain silicates of iron, magnesia, and lime, the silicates 
of alumina and soda being also sometimes present They fall into 
three groups —the Micas, the Amphibole Pyroxene group, and the 
Olivines The micas, through Muscovite, are closely related chemi 
cally to the Alumino alkaline silicates 

THE MICA OBOOP 

The micas are minerals crystallising in the monochnic system 
(but pseudo hexagonal m habit) with a strong basal cleavage , the true 
micas aie distinguished from other minerals of the same habit 
(micaceous minerals) by the elasticity of the plates into which their 
crystals so readily split up While Muscovite is really an alumino 
alkaline silicate and may be formed from orthoclase by alteration, 
the Phlogopites and Biotites are ferro magnesian silicates, playing the 
same part in rocks as the pyroxenes, amphiboles, and olivines 
Muacowite. y G = 2 76-3, H=2-2 6 Pol very high Biaxial 
Colourless Comp Potash mica Found in granites and other acid 
rocks, gneisses, schists, Ac 

Blotlte. V G w 2 7-3 1, H = 2 5-3 Pol very high Pleoc 
very strong with great absorption Usually highly coloured Comp 
Magnesia and iron micas Found in intermediate and basic rocks, 
and frequently as a secondary mineral 

A form of mica with much lithium is known as Xiepldolite. 
Others contain chromium (ruoluite), manganese {ManganophyU 
hte, Ac ) 

l*«pldomelane is a black mica common in granites 
Vblof opite a dark coloured mica usually found in metamorphio 
limestones 
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The ‘ Hjdromioas * are the result of the alteration of mioas both of 
the Muscovite senes (Damourite, Senoite, GUbertite, &o ) and of the 
Biotite senes (Hydrobiotite (fee ) 

THE PTHOXENE AMPHIBOLE GROUP 

The Pyroxene Amphibole group illustrate m striking manner 
what mineralogists call iso dimorphism Crystallising in the mono 
clinic and rhombic systems (and occasionally in the tnclinic 
system), and consisting of isomorphous mixtures of silicates of mag 
nesia, iron, and lime (occasionally with alumina and soda silicates), 
they present two distinct habits of crystallisation The pyroxenes 
have a prismatic cleavage with an angle of near 90° , the amphiboles 
have a prismatic cleavage of about 126° Pyroxenes and amphiboles 
differ too in their specific gravity, optical properties, stability, <feo 
Amphiboles can be converted into pyroxenes by fusion and stew 
coohng The pyroxenes tend, however, to pass back slowly into 
amphiboles {paramorphic change) A mineral of the pyroxene group 
may be found paitially converted into an amphibole, as in Uralite 

The chief pyroxenes are — 

Anflte y G = 3 2-3 6, H =* 6 6 Deep>coIouied Pleoo slight 
Pol high Very common in basic rocks 

SatiUte and Malaoollte are pale coloured augites Dlopalde, 
FiMMite, and Ompbacite are green augites JBgeiine is a soda 
augite 

Blallafe is an altered augite (brown or green) with a basal 
partmg and sub metallic lustre Found generally in basic plutonic 
rooks (gabbros) 

Xnstatlte IV Pol low Pleoc marked in coloured varieties The 
ferriferous varieties of Enstatite are called Bronalte, the highly 
ferriferous varieties are known as Bjperattaene. 

The chief amphiboles are — 

Hornblende V G = 2 9-3 4, H = 6-6 Pol strong Pleoc 
high Very common in metamorphic and some igneous rocks 

TremoUte is a colourless hornblende, AotinoUte is a green 
hornblende, and Arfredeonlte,01anoopbane, HlebeoUte,(&c ,are 
soda-hornblendes, which sometimes assume blue tints 

AntbopbjlUte (IV ) is an amphibole corresponding to Enstatite 
in the Pyroxene series 


THE OLIVINE GROUP 

This group consists of basic silicates of magnesia and iron 
(occasionally with lime) The minerals of the group occur m basic 
and especially m ultrabasic rocks (Peridotites) 

Ollwine (or Peridot) IV G*=8 4, H = 6-7 Green to black in 
colour Colourless m thin sections Pol high tint Very easily 
undergoing alteration and easily changed to serpentine 

D The Oxides op Iron, Titanium, <fec 

These are very widely diffused, but form a large part of rocks 
only of the basic and ultrabasic groups 

Itafttttitd. I. Q - 4 9>6*2, H • 56^6 Opaque, black, and 
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submetallio Often showing alteration to red, brown, and yellow 
(hydrated) products Comp FeO, Fe^, 

Tltaiiofenlte< III Q =: 4 5-5, H = 5-6 Opaque, black, and 
submetallic, but showing white decomposition products Comp 
FeO.TijO, 

Sntlle, II G = 4 18-4 26, H = 6-6 5 Reddish brown to yellow 
—translucent Usually in very small crystals (twinned), often en 
closed in other minerals Comp TiO^ 

Anataae and Brooklte, two other forms of TiOj, are probably 
formed by alteration of Rutile 

Hematite (III ) (hexagonal plates, blood red by transmitted light) 
18 formed by oxidation of magnetite Comp FePa Various brown 
and yellow oxides result from the hydration of hematite 

Conindnm (AlgO,) , the Spinels (Piootite, Cbromlte, ikc ) 
and Caaslterlte (Sn02) occur more rarely in rocks 

E Accessory Minerals 

Apatite. Ill G = 2 92, H = 4 5-5 Comp Phosphate of calcium 
with chloride or fluoride of calcium Very common in small quantities 
m Igneous and metamorphic rocks 

A phosphate of yttrium and the cerium metals called Monaatte 
IS present in very minute crystals in many rocks 

Zircon II G = 4 6-4 7, H = 7 6 Comp Si02,Zr02 Like the 
above very frequent in small crystals enclosed in all the constituents 
of rocks 

Spbene. V Often in wedge shaped crystals, brown or colourless 
G = 3 4-3 6 Comp Calcium silico titanite A primary constituent 
of some rocks, and the result of alteration of titanofernte in others 


F Minerals bspecully found in Rocks produced by 
Contact Metamobphism 

Oaraet I G = 3 15-4 3, H=6 5-7 6, fusible Comp Isomorphous 
mixtures of compounds of aluminium, iron, chromium, and titanium 
sesquioxides with the protoxides of iron, magnesium, lime, dto 
Found both in igneous and metamorphic rocks 

Topaa. IV G-3 4-3 65, H=8 Comp Aluminium silicate with 
fluorine Colourless, higher refractive index than quartz 

Tourmaline III Hemimorphic G = 2 98-3 2, H = 7-7 6 Cojour 
very various Pleoo strong Comp Borosihcate of aluminium, 
calcium, iron, Ac 

Andaluelte {ChuistoUU) (IV , SlUlmanlte (FxbroUte) (IV ), and 
Xyanlte (VI ) are forms of aiumimum sihcate 

Oordterlte (IV ) and StauroUte (IV ) are more complicated 
compounds of aluminium with magnesium and iron silicates 

■pldote (V ) and Zolaite (IV ) are aluminium and calcium 
silicates, sometimes with iron, manganese, Ac (Pledmontite) 

G Secondary Minerals 

Almost any of the minerals already named may occur as secondary 
constituents of rocks, but certain minerals hke the following seldom 
occur as primary constituents of igneous rocks 
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(a) Mxcacmts Minerals (pseudo hexagonal with strong basic 
cleavage) 

Cliloiites. V Hydrous aluminium silicates with silicates of 
magnesium and iron Usually exhibiting green tints 

Obloiitolda (Brittle Micas) V Very varied in composition, 

e g Ottrellte, Masonite, &o 

Vermionlltea Other hydrated minerals which exfoliate and 
curl up under the blowpipe 

XaoUn. V G = 2 6, H = 2-2 5 Hydrous aluminium silicates 
This and other similar compounds form the basis of most clays 
Talc (Steatite) V G = 2 7-2 8 H = 1 Comp Hydrous magne 
Slum silicate 

(b) Non micaceous Minerals 

Zeolites Hydrated alumino alkaline minerals They boil 
up m the blowpipe flame, hence their name 

Caloltet III G = 2 72, H = 3 Cleavage and twinned character 
strongly marked Comp CaCo, 

Aragronlte IV G = 2 95, H = 3 5-4 Another form of calcium 
carbonate 

Dolomite III G=-2 8-2 9,H = 3 5-4 Comp (CaMg)CO, 
Oypsum IV G = 2 3, H-2 Comp CaS 04 + 2H20 
The hydrous oxides have already been noticed, they occur 
frequently as secondary constituents of rocks 

H MiNEBAns OF THE Heavy Mptals (‘ Ores ’) 

These are found in veins or other ore deposits, or, more rarely, 
diffused in small quantities through igneous, aqueous, and raeta 
morphic rock masses They are usually inter crystallised with 
various sparry minerals (veinstones), such as Quarts, Calotte, 
Fluonpar (calcium fluoride), Barytei (barium sulphate, &c ) 

The ores found in the upper part of veins (‘ gossans ’) are either 
oxides like Magnetite, Hematite, Cuprite (copper oxide), Zincite 
(zinc oxide), &c , or hydrated oxides, like those of iron (Otttblte, 
Dimonite, Zantboilderlte), of manganese (Manganlte, Ptilo- 
melane), &c With these occur Carbonates, like those of iron 
(Cbalyblte), of zinc (Calamine), of copper (Malaoblte, 
Axurite), of lead (Ceruetlte), &e , with various sulphates, silicates, 
phosphates, and other salts 

The deeper portions of ore deposits are usually characterised by 
the presence of sulphides, among the commonest of which are those 
of iron (Pjrite, Maroaeite, Pjrrbotite), of lead (Galena), and 
of zinc (Blende) With these occur many complex compounds of 
sulphides, selenides, tellundes, arsenides, and antimomdes 

Some of the less oxidisable metals (gold, platinum, &o ) usually 
occur ‘ native ’ (uncombined), or as alloys or amalgams , and silver, 
copper, and mercury are also not unfrequently found m the unoxidised 
condition 

Iron, alloyed with nickel or platinum, similar to the iron meteor 
lies (sidentes), has been found in igneous masses at Ovifak m Green- 
land, Santa Cathanna (?) and Bibiera in Brazil, Awarua m New 
Zealand, Josephine m Oregon, and Ekaterinberg in the Urals. 
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APPENDIX B 

CLASSIFICATION OF PLANTS. LIVING AND FOSSIL 


Names printed m italic capitals are those of groups which are not 
found preserved as fossils Those printed in capitals have both fossil 
and living representatives Those in thick type are extinct 

A CELLULAR CRYPTOGAMS (spore bearing plants with cel- 
lular tissue only) 

Mi xoMYCRThs (Slime fungi living on dead organisms or causing 
plant diseases) 

Diatomacf f (Unicellular with siliceous skeletons) —Tertiary — 
ScHiYoiuYTA (Oscillatona, micrococcus, bacteria, &c ) 

Alo f Freshwater and marine (including calcareous forms like 
Lithothamnion, Siphoniete, Chara, Ac ) Camb - 
Fungi (Peronospontes, Discomycetes, <fec ) Sil — 

fHFPATicE,® (Jungermannia, Marchantia, Ac ) Tertiary— 
URiopuiTA j (Sphagnum, Hypnum, &c ) Tertiary- 

B VASCULAR CRYPTOGAMS (Spore bearing plants with 
vascular tissue ) 

EguiSETACEiF (Horsetails ) Trias — 

Calamarleee (Calamites ) Dev —Perm 
SpbenopbylloB (Sphenophyllum, Ac )— Carb 
Ly( opoDiNEi® (Club mosses ) Tertiary — 

Selaginelle-f (Selaginellas ) Tertiary — 

Aepldodendreee Lepidodendron, d;c Dev —Perm 
Stlgmarleee (f) StigmariaAc Dev- Perm 
SlgrlHarieee Sigillana, Ac Sil (‘^)~Perm 
FiLitiNE/E Ferns *Dev — 

(According to Williamson and Scott, certain carboniferous plants 
form a link between the ferns and the cycads ) 

C PHANEROGAMS (seed bearers) GYMNOSPERMS (naked 
seeded) 

Cycade^ (Cycas, Zamia, Ac ) Dev — 

Gnetace^ (Gnetum, Ac ) 

CordaltesB (Cordaites, Ac ) Carb 
CoNiFKRAB (Pines, Firs, Yews, Ac ) Dev — 

D PHANEROGAMS ANGIOSPERMS (with seeds m seed 
vessels) 

Monocotylbdonss Endogenous plants Palms, grasses, Ac Tnas— 
Dicotyledonbs Exogenous plants Higher forms of vegetable life 
Cret- 
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APPENDIX C 

CLASSIFICATION OF ANIMALS, LIVING AND FOSSIL 


The names in italic capitals are forms without hard parts that 
have left no relics m fossil forms Those printed in capitals have 
fossil and living representatives Those printed in thick type are 
extinct The groups are orders or suborders 


Sfbies I— protozoa (Lowest forms of life) 

MosERi {Protarmha, de ) 

Protoplasta (AmcBba, dc ) 

Orsoarixioa {Oreganm, dc ) 

Cat ALL ACT A {Megasphzra, dc ) 

Infusoria (Paramcectum, dc ) 

Fobaminifeba (Bhizopoda Reticulata) Calcareous shells Cham 
bers communicating by small holes (foramen) Pre Cambrian (‘^) ~ 
Radiolabia (Rhizopoda Radiolaria) Siliceous skeletons (oc 
casionally homy or partially horny) Pre Cambrian (^) — 


Sebies II— PORIFERA (Spongida) 


5b 


a 


I 


MrxospoNaiA {Ilalisarca, &o ) 

CfRATospoyou (Horny sponges Ceratim, &c ) 
Monactinellida {Clwna, &c ) Carb — 

Tetbactinellida {Oeodta, &c) Carb — 

■ Lithistida {Stphoma^ &c ) Camb — 

Hexactinellida {Ventncuhtes, <feo ) Camb — 
Calcisponoida (Calcareous sponges ) Jura — 
Ftaaretrooea. (Extinct forms of calcareous sponges) Dev 
— Cret 


Sebies III -CCELENTERATA (Zoophyta) 
SiPaoNOPHORA {Physalxa, Ac ) 

Discophoba (Acalepha, Meduste or jelly fish) Camb (?) — 
Tubdlabu {Hydrachnta, Parhma t &c ) Trias (?) — 
Campandlabu {Cafnpanula, Ihctyonema, &c ) Camb (?) — 
OraptoUthlda (Rhabdophora Graptolites) Camb (?)— Sil 
Htdbocoballabu {Siylaster, MilUpora, Ac ) Tertiary — 
•troBMitoporldea. (Stromatoporoids ) Ord —Perm 
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OcTocoBAtu (Alcyonana ) Sil — 
Hfxacoballa (Zoanthana ) Trias — 
Tabulata (Monhcuhpmida, &c ) Sil —Cret 
Tetraooralla. (Rugosa) Ordov— Perm (’) 
Ctsnophoha (Bero^) 


Sfries IV -ECHINODERMATA 

Cjstoldea. {Cysttds,mth Aqplacnnus } Camb— Perm (?) 
Slastoldea {Pmtremites, &c ) Sil - Garb 
Crivoidea (Other stalked forms ) Camb - 
Asteroidea (Common star fish ) Sil-- 
Ophilroidea (Brittle star fish ) Sil — 

Palechinoldea {Palcpchinus, Melonites, &c) Ordov — 
Cret 

Eufchivoidfa (Sea urchms ) Trias — 

HoLorHUBim \ (Sea slugs ) Tertiaiy — 


Serifs V — ANNULOIDEA (Annelida, Vermes, Worms) 

Turuh lAi u {Planana, Ac ) 

RoTihERA {Hydaiina, Ac ) 

Tnh VA ro DA ( AspidoqastcTy Ac ) 

CmwiDEA {Tania, Tapeworm, Ac ) 

My/oi>To MA 1 A {Myzostomum ) 

Gephyrea (Stpunculus ) 

HiRVDi\hA {Hmido, Leech ) 

OiiootH ETi (Tjumbritm, Earth worms ) 

PoLiCHA-TA [Aphrodito, bapula, Ac ) Camb — 


Shiies VI --MOLLUSCOIDEA 

^ / PoDosroMAri {Rhabdojdeura, Ac ) 

® a Pun ACToL f MATA {Plumatella, &c ) 
o sj Cyclostomati {Jdmonea,&c) Ordov - 
Or^j Ctenostovata {Alcyonidium, &&.) 

Cheilostouata {Eschara ) Jura - 
® \ PhDK iLLi\KA Pedicelh na 

Bbachiopoua Inabticulata (Lingula ) Camb — 
Brachiopoda Articulata (Terebratula) Camb — 


Series VII-MOLLUSCA 

Lamellibbancuiata (Pelecjpoda, Conchifera, Bivalvia 
Camb — 

ScAPHOPOBA (Dentahwn ) Sil — 

POLYPLACOPHOBA (Cklton, Ac ) Sll — 

Heteeopoda (Atlanta, Belleropkon, Ac ?) Camb (?) — 
Gastropoda (Whelks, Ac ) Camb — 

PuLjioNATA (Snails ) Pev — 

B R 
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, /Nautiloidea {Nauhhis, Orihoceras ) Camb — 

^ ^ Ammottoldea. (Ammonites, Goniatites ) Dev -Cret 
'I j BErFMVoiDEA (Belcmnites, Sptrwia ) Trias — 

^ ft StPioiPEA (Septa QcotctUhis ) Jura — 

^ vOcToroDA (Octoptis) Cret — 


Sfrits VIII -AUTHKOPODA 

Nh VA rowt A (Thread worms, Ac ) 

Nematorhvscha (ChfPtonotu’i, Ac) 
ii AVTH( i Frrui A (F chinoi hi/nchus ) 

( 'll * TOON A THA ( SaqittO ) 

PnoroTRACH RA TA (Pcripatus ) 

{ Frotosynf oatlia (Palaocampa ) Carb 

Chii 01 oDA (Centipedes ) Tertiary 
Arohipollpoda (Xylobtus ) I>e\ Perni 
DiiroioiM (Millepedes) Ciel 

I I’i yrASTovwA (PenUlstovia ) 

AncT/icA ( l/rtC>o6tot?/s ) 
i^i ( vooo > WA (Aynip/ion ) 

Aiarina (Mite'.) Tertiaiy 
Aium i\a (Spiders ) Carb 
AKriiBonASiiiA (Scorpions ) Sil 
/ Tin SA y OR A (Poihna ) 

Orihoitiiu (May flits, Ac ) Sil (’) - 
Falaeodiotyoptara (PaUeohlnttina, &q ) Ordov {') Carb 
S Rhanchota (Bugs, At ) Tertiary 
«-/l)iiTnu (Hou‘'eflKS Ac) Jura 
G Lepidoithia (BuUtrflies and moths ) Jura — 

^ NuRopftUA (C iddis flies, Ac ) Caib- 

HiMtNoiTi fu (Ikes, wasi»s, and ants ) Jura — 
VCoLtopTEKA (Beetles) hua 

Surypteiida (Eiirypterus Pterygotus) hil - Carb 
XiPiiosuRA (King crabs ) Sil 
Tiiloblta (Iiilobites) Camb Penn 
Phiiiopoda (A/w<f, Ac) Camb - 
Cl AiKH h BA (Wat* r fleas ) 

^ OsTBAioDA (CypriH’ &.c) Camb - 
^ Con- too A (Cydnjis) 

S / linr/oi HUAI A ( P( Itogaster ) 

o Claim KDiA (Barnacles ) Sil — 

O Amphipoda (Sand hoppers ) Sil - 
IfeopoiM (Wood lice, Ac ) Jura ~ 

SioMAioPooA (Squilla) Carb (?) - 
Anomouba (Hermit crabs ) Cret — 

BaAniycRA (Crabs ) Dev — 

Macbouba (Lobsters, Ac ) Carb — 


Sebifs IX -PHAEYNGOPNEUSTA 

Entkbopnevsta (Balanoglossui ) 

Tunicata (Aacidians ) Pliocene— 
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Sfries X -VEETEBBATA 

Pisces (Fishes ) 

LhFTocAjtDii (Pharyngobranchii) {Amphioxtis ) 

Cyclostomi (Marsipobranchii) (Lampreys, Hags, Palao 
spondylus (’) ) Dev (’)— 

I Pleuropterygll. {Cladodiit, ) Dev —Perm 
Selachii | Acantbodl (Acantlwdes,&c) Dev- Peim 
(Elasmo -j Zobjtbotoml {IHeur acanthus, Ac ) Garb —Penn 
branchii ) Plaoiostomi {Ccstrarwn, Ac ) Garb — 

'HoLocEiiULi {[schyodus, ChimcEra, &c) Dev - 
' Beterostraol (Ptemspis) Sil Dtv 
Aipldooepball {Ccphalaspn ) Sil - Dev 
Antlaroha {Pterichthys ) De\ 

Artbrodlra {Coccosteus ) Dev 
Ctenodipterlni {Ihpterus ) Dtv t’tim 
SiurNointv (Ceratodm) Trias — 

I Cnoshopi I R\(ni {Holoptychiuf,, Polijpt/ rus ) Dev — 

3 Chondrostji (Sturgeons, &c) Trias — 

I Heterocercl {ral((oniscm, \c) Dev— Jura 
a I Pjenodonti (Pyawdus, Ac } Jura - J octn« 

^ LFiinosrn {Dajxditis, LepulosttUs) Pcuii — 
IAmioiufi (Pachycormus, Amia) Juia — 

Teleo (PinsosioMi Trias 
stei t PnasocLYSTi Cret 
Ampiiibu 

^abyrinthodontia (Stegocephali)Lab}iiDthodonts —Garb 
- Trias 

C mil n (Apoda) (CaciUa ) 

Urodma (Caudata) Isewts and salamandeis Ciet — 

Amilra (FiCaudata) fiogs and toads Eocene — 

Keptilia 

„ . I Zebtbyotaaria (Ichthyowirm ) Trias —Cret 
Enaiio pi^gioiaurla (Sauropteryua), (Plesiosaurus, Plw 
I murm) Tn.. Ciet 
Chelonia (Tortoises and turtles ) Trias — 

i Anomodontla (Dicynoilon, Ac ) Tiias 
Vlaoodontia (Placodiis ) Trias 
Parlasauria (Parmaunis) Penn Trias 
Tberlodontla. (Gynodiacon) Perm -Trias 
Khynchocbi HALiA Hype? odopiedon ) Perm — 

Lacektilu (Lizards ) Eocene— 

Pythouomorpbai ( Mososaurus ) Cret 
Ophiwa (Snakes ) Eocene — 

Cbocodilia (Crocodiles and alligators ) Trias — 
'Sauropoda ( ltlantosaurus,Cettosaurus ) Jura— Cret 
Tberopoda. (Megalosaurus) Trias— Cret 
Ortbopodai (Sttgosaums, Iguanodon) Jura— Cret 
pteroiattrla. (lihamphorhynchus ) Juia —Cret 
Pt«ranodontta. (Ptcranodon ) Cret 

Avks (Birds) ^ , 

BAurnrte, (Archceopteryx ) Jura 

matitM-Odontoloee. (Hesperornis ) Cret 

RR 2 


Dmo* I 
sauna 1 

Ornitho f 
sauna 1 


Placo I 
dermi | 

Dipnoi I 
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Aves (Birds)— 

Ratit® (Ostriches, &c ) Miocene — 

Carlnata Odontorneei {Ichthyorms ) Cret 
Cabinata (Common birds) Eocene - 
Mammalia (Mammals) 

Allotberia (Prototheiia, Multituberculata), (Micyo 
lestes, Ac ) Trias — Tertiary 
Monotbpmata {Echidna, OrniUwrhynchus) Pleisto 
cene — 

Mabsupialia (Kangaroos, Opossums, Ac ) Trias ~ 
Edentata (Sloths and armadilloes ) Pliocene 

I Arobeeocetl {Zeuglodon ) Eocene 
Odomocfti {Delphinus,Sqnalodon,/tphius) Miocene — 
Mysticeii {Balana ) Miocene - 
SiRFMA (Dugong, Halithermm ) P’ocenc 
, Condylarthra (Phenacodus ) I ocene 
Perissodactyia (Horse, Ac) Eocene- 
^ Abtiodactyla (Ox, deer, Ac ) Eocene — 

** Xiltopterna (Maaovchcma) Oligotene —Pleistocene 

Amblypoda (Coryplujdi>n,l.mtathenum,&.c) J’ocent 
c Probobcidea (Elephants, Ac ) Miocene- 

Toxodontla. {Toiodim) Oligocene- Pleistocene 
(Typotherla {Typothcruim) Oligocene —Pleistocene 
\Htbacoidfa (Hyrax ) 

Tlllodontia (Tillotherium ) Eocene 
Bodevtia (Rodent'' ) Eocene - 
Insectivoba (Insectnores) Eoctne— 

Cheiropti* BA (Bat*' ) Focene ~ 
p /Creodontia (Hyecnodon) h ocene 

tarni j ji'ig<^ipirpu (Cats, dogs, Ac ) Eocene 
(Pinmpjdia (Seals) Miocene- 
p (PROfeiMit; (Old apes, lemurs, Ac ) Eocene- 

’ SiMi^ A}ych and monVeys {Ihyojnthecu'i) Mioodic- 
mates (]3imana (Homo) Pleistocene 

In preparing this table of the pnncipal divisions (orders or sub 
orders) ofthe animal kingdom, the classifications of Huxley, E T New 
ton, and Zittel have been chiefly followed It will be seen by consulting 
it, that rather more than one fifth of the known orders of animals aie 
not found in a fossil state , nearly one tlmd of the orders are repre 
dented by extinct forms only, but this proportion would piobably be 
very greatly increased if we knew anything of the soft bodied animals 
of past geological times, and %eit better acquainted with the struc 
ture of those whose hard paits have been preserved More than one 
half of the groups have both fossil and hving representatives 

In quoting the names of species of animals and plants in this 
work, the convenience of the student has been consulted in preference 
to any attempt being made to secure absolute accuracy or uniformity 
of procedure In a few cases it has been found necessary to insert 
two names -that by which the fossil ought to be designated, and that 
which 18 familiar to most geologists This course has been adopted 
in the case of the Ammonites, and of some large genera, the sub 
division of which is inevitable In all cases, however, the authors 
of the specific names are given 
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